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AN  ACT  TO  PROVIDE  FOR  THE  PUBLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

LApproyed  March  11, 1895.] 

Whiireas,  The  Indiana  Academy  of  Science,  a  chartered 
scientific  associatfon,  has  embodied  in  its  constitution  a  pro-preamble, 
vision  that  It  will,  upon  the  request  of  the  Governor,  or  of  the 
several  departments  of  tlie  State  grovernnient.  throujrh  the  Governor,  and 
through  its  council  as  an  advisory  body,  assist  in  the  direction  and  execu- 
tion of  any  investigation  within  its  province,  without  pecuniary  gain  to 
the  Academj',  provided  only  that  the  necessary  expenses  of  such  investi- 
gation are  borne  by  the  State,  and, 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and 
economic  value,  and  should  be  preserved  in  permanent  form,  and, 

WnEBEAS,  The  Constitution  of  the  State  maizes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific 
and  agricultural  improvement,  therefore, 

Section  1.    Be  it  enacted  hy  the  General  Assembly   of   the 
State  of  Indiana,  That  hereafter  the  annual  reports  of  theJJ^'^^^^^^^^^^^J,^^ 
meetings  of  the  Indiana  Academy  of  Science,  beginning  with^^*^J°Jj*^* 
the  report  for  the  year  1894.  including  all  papers  of  soieutific^^**"*®** 
or  economic  value,  presented  at  such  meetings,  after  they  sliall  liave  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub- 
lished by  and  under  the  direction  of  the  Commissioners  of  Public  Printing. 
and  Binding. 

Sec.  2.    Said  rejwrts  shall  be  edited  and  prepared  for  pub- 
lication without  expense  to  the  State,  by  a  corps  of  editors  toBditing 

r«porta. 
be  selected  and  appointed  by  the  Indiana  Academy  of  Science, 

who  shall  not,  by  reason  of  such  services,  have  any  claim  against  the 
State  for  compensation.     The  form,  style  of  binding,  paper,  typography 
and  manner  and  extent  of  illustration  of  such  reports,  shall 
be  determined  by  the  editors,  subject  to  the  approval  of  thCpHSted'  ^^ 
Commissfoners  of  Public  Printing  and  Stationery.     Not  less*^** ****'*** 

(5) 


6 

than  1,500  nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  pub- 
lished, the  size  of  the  edition  within  said  limits,  to  be  determined  by  the 
concurrent  action  of  the  editors  and  the  Commissioners  of  Public  Print- 
ing and  Stationery:  Provided,  That  not  to  exceed  six  hundred  dollars 
($600)  shall'  be  expended  for  such  publication  in  any  one  year, 
ProTlBo.  ^^^  ^^^  ^^  extend  beyond  1806:    Provided,  That  no  sums  shall 

be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  three  hundred  copies  of  each  volume  of 

DiBposiUon     said  reports  shall  be  placed  in  the  custody  of  the  State  Libra- 
of  rtporta. 

rian,  who  shall  furnish  one  copy  thereof  to  each  public  li- 
brary in  the  State,  one  copy  to  each  university,  college  or  normal  school 
in  the  State,  one  copy  to  each  high  school  in  the  State  having  a  library, 
which  shall  make  application  therefor,  and  one  copy  to  such  other  insti- 
tutions, societies  or  persons  as  may  be  designated  by  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  it  may  de- 
termine. In  order  to  provide  for  the  preservation  of  the  same  it  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  designated  as  the  office  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  said  reports  belonging  to  the  Academy,  together 
with  the  original  manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  equip  the  same  with  the  necessary  shelving  and 
furniture. 

Sec.  4.    An  emergency  is  hereby  declared  to  exist  for  the 
mergeney.     jmmedlate  taking  effect  of  this  act,  and  it  shall  therefore  take 
effect  and  be  in  force  from  and  after  its  passage. 


AN  ACT  FOR  THE  PROTECTION  OF  BIRDS,  THEIR  NESTS 

AND  EGGS. 
[Approved  March  6,1891] 
Section  1.    Be  it  enacted  by  the  General  Assembly  of  the 
State  of  Indiana,  That  it  shall  be  unlawful  for  any  person  to 
kill  any  wild  bird  other  than  a  game  bird,  or  purchase,  offer  for  sale  any 
such  wild  bird  after  it  has  been  killed,  or  to  destroy  the  nests  or  the  eggs 
of  any  wild  bird. 


Sec.  2.  For  the  purpose  of  this  act  the  following  shall 
be  considered  game  birds:  the  Anatidse,  commonly  called  *™*  ^  "' 
swans,  geese,  brant,  and  river  and  sea  ducks;  the  Rallidse,  commonly 
known  as  rails,  coots,  mudhens,  and  gallinules;  the  Limicolse,  commonly 
known  as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock  and  sand- 
pipers, tattlers  and  curlews;  the  Gallinse,  commonly  known  as  wild  tur- 
keys, grouse,  prairie  chickens,  quail,  and  pheasants,  all  of  which  are  not 
intended  to  be  affected  by  this  act. 

Sec.  3.    Any  person  violating  the  provisions  of  Section  1 
of  this  act  shall,  upon  conviction,  be  fined  in  a  sum  not  less  *"**  ^' 
than  ten  nor  more  than  fifty  dollars,  to  which  may  be  added  imprisonment 
for  not  less  than  five  days  nor  more  than  thirty  days. 

Sec.  4.    Sections  1  and  2  of  this  act  shall  not  apply  to  any 

person  holding  a  permit  giving  the  right  to  take  birds  or  their 

nests  and  eggs  for  scientific  purposes,  as  provided  in  Section  5  of  this  act 

Sec.  5.    Permits  may  be  granted  by  the  Executive  Board 

PermiUto 
Of  the  Indiana  Academy  of  Science  to  any  properly  accreditedSoience. 

person,  permitting  the  holder  thereof  to  collect  birds,  their  nests  or  eggs 
for  strictly  scientific  purposes.  In  order  to  obtain  such  permit  the  ap- 
plicant for  the  same  must  present  to  said  Board  written  testimonials 
from  two  well-known  scientific  men  certifying  to  the  good  character  and 
fitness  of  said  applicant  to  be  entrusted  with  such  privilege  and  pay  to 
said  Board  one  dollar  to  defray  the  necessary  expenses  attending  the 
granting  of  such  permit,  and  must  file  with  said  Board  a 
properly  executed  bond  in  the  sum  of  two  hundred  dollars,  ^^  ' 
signed  by  at  least  two  responsible  citizens  of  the  State  as  sureties.    The 

bond  shall  be  forfeited  to  the  State  and  the  permit  become 

Bond 
void  upon  proof  that  the  holder  of  such  permit  has  killed forf«ited. 

any  bird  or  taken  the  nests  or  eggs  of  any  bird  for  any  other  purpose  than 

that  named  in  this  section  and  shall  further  be  subject  for  each  offense 

to  the  penalties  provided  in  this  act 

Sec.  6.    The  permits  authorized  by  this  act  shall  be  in 
force  for  two  years  only  from  the  date  of  their  issue,  and^^**  ^**"* 
Shan  not  be  transferable. 

Sec.  7.    The  En|rlish  or  European  House  Sparrow  (Passer 
domesticns),  crows,  hawks,  and  other  birds  of  prey  are  not  *'  •ofpr«y- 
included  among  the  birds  protected  by  this  act. 


Sec.  8.    All  acts  or  parts  of  acts  heretofore  passed  in  con- 
etsrepe    e  .  ^^^^  ^,j^j^  ^^^  provisions  of  this  act  are  hereby  repealed. 

Se(\  9.    An  emergency  is  declared  to  exist  for  the  Imme- 
merftnoy.     ^jj^^^  taking  effect  of  tills  act,  therefore  the  same  shall  be 
in  force  and  effect  from  and  after  its  passage. 


TAKING  FISH  FOR  SCIENTIFIC  PURPOSES. 

Section  2,  Chapter  XXX,  Acts  of  1899,  page  45,  makes  the  following 
provision  for  the  taking  of  fish  for  scientific  purposes:  "Provided,  That  In 
all  cases  of  scientific  observation  he  [the  Commissioner  of  Fisheries  and 
Game]  shall  require  a  permit  from  the  Indiana  Academy  of  Science." 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  assodation  sball  bo  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concernini^  the  various  depai'tments  of  science; 
to  promote  intercourse  between  men  eii^aji;e<i  in  scientific  work,  especially 
in  Indiana;  to  assist  by  investijration  and  discussion  in  developmjr  and 
making  known  the  material,  educational  and  other  resources  and  nches 
of  the  State;  to  arrange  and  prepare  for  publication  such  reports  of  in- 
vestigation and  discussions  as  may  further  the  aims  and  objects  of  the 
Academy  as  set  forth  in  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  pro<*eed- 
Ings.  the  Academy  will,  upon  re<iuest  of  the  Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  the  Governor,  act  through  Its 
council  as  an  advisory  body  in  the  direction  and  execution  of  any  investi- 
gation within  its  province  as  stated.  The  necessary  expenses  incurred  in 
the  prosecution  of  such  investigation  are  to  be  borne  by  the  State;  no 
pecuniary-  gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of 
such  investigation. 

The  regular  proceedings  of  the  Academy  as  publislied  by  the  State 
shall  become  a  public  document. 

ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  l^e  lionorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work, 
or  In  original  research  in  any  department  of  science,  sliall  be  eligible 
to  active  membership.  Active  members  may  be  annual  or  life  meml>ers. 
Annual  members  may  be  elected  at  any  meeting  of  the  .Vcademy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars,  and  there- 
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after  an  annual  fee  of  one  dollar.  Any  person  who  shall  at  one  time 
contribute  fifty  dollars  to  the  funds  of  this  Academy,  may  be  elected  a 
life  member  of  the  Academy,  free  of  assessment  Non-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  who  have 
removed  from  the  State.  In  any  case,  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect  to  membership.  Applications  for  membership  in 
any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  applica- 
tion for  membership,  who  shall  consider  such  application  and  report  to 
the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination 
for  election  as  fellows  by  three  fellows  or  members  personally  acquainted 
with  their  work  and  character.  Of  members  so  nominated  a  number  not 
exceeding  five  in  one  year  may,  on  recommendation  of  the  Executive 
Committee,  be  elected  as  fellows.  At  the  meeting  at  which  this  is 
adopted,  the  members  of  the  Executive  Committee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account 
of  special,  prominence  In  science,  on  the  written  recommendation  of  two 
members  of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect 

ARTICLE  III. 

Section  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot 
at  the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist 
of  a  President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secre- 
tary, and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to 
their  respective  offices  and  In  addition,  with  the  ex-Presldents  of  the 
Academy,  shall  constitute  an  Executive  Committee.  The  President  shall, 
at  each  annual  meeting,  appoint  two  members  to  be  a  committee  which 
shall  prepare  the  programs  and  have  charge  of  the  arrangements  for 
all  meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  un- 
less otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be 
a  summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
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Executive  Committee.  Other  meetings  may  be  called  at  the  discretion 
of  the  Executive  Committee.  The  past  Presidents,  together  with  the 
officers  and  Executive  Committee,  shall  constitute  the  Council  of  the 
Academy,  and  represent  it  in  the  transaction  of  any  necessary  business 
not  specially  provided  for  in  this  constitution,  in  the  interim  between 
general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to  a 
curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  Include  a  brief 
summary  of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least 
fifteen  days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

6.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 


R.  J.  Aley ♦1898 Bloomingtoo. 

J.  C.  Arthur 1893  Lafayette. 

P.  8.  Baker 1893 Greencaatle. 

Greorge  W.  Benton 1896 Indianapolis. 

A.  J.  Bigney 1897 Moore's  Hill. 

A.  W.  Bitting 1897 Lafayette. 

Donaldson  Bodine 1899 Crawfordsville. 

W.  S,  Blatchley 1893 Indianapolis. 

J.  C.  Branner 1893 Stanford  University,  Cal. 

H.  L.  Bruner 1899 Irvington. 

Wm.  Lowe  Bryan 1895 Hloomington. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

J.  L.  Campbell 1893 Crawfordsville. 

John  M.  Coulter  1893 Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

QUnn  Culbertaon 1899 Hanover. 

D.  W.  Dennis 1895 Richmond. 

C.  R.  Dryer 1897 Terre  Haute. 

A.  Wilmer  Duff 1896 Worcester,  Mass. 

C.  H.  Eigenmann 1893 liloomington. 

A.  L.  Foley 1897 Bloomington. 

Katherine  E.  Golden 1895 Lafayette. 

M.  J.  Golden 1899 Lafayette. 

W.  F.  M.  Goss 1893 Lafayette. 

Thomas  Gray 1893 Terre  Haute. 

A.  8.  Hathaway 189.") Terre  Haute. 

O.  P.  Hay 1893 Washington,  D.  C. 

Robert  Hessler 1899 Logansport. 

H.  A.  Huston 1893 Lafayette. 

J.  P.  D.  John 1893 Greencastle. 

D.  8.  Jordan 1S93 Stanford  University,  Cal. 

Arthur  Kendrick 189.S Terre  Haute. 

Robert  E.  Lyons 189t) Hloomington. 

V.  F.  Marsters 1893 BUM>mington. 

C.  L.  Mees 1894 Terre  Haute. 

T.  C.  Mendenhall 1893 Worcester,  Mass. 

Joseph  Moore 1896 Richmond. 


*  Date  ef  election . 
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D.  M.  Mottier *1893 Bloomington. 

W.  A.  Noyes 1893 Terre  Haute. 

L.  J.  Rettger 1896 Terre  Haute. 

J.  T.  Scovell 1894 Terre  Haute. 

Alex.  Smith  1893 Chicago,  111. 

W.  E.  Stooe 1893 Lafayette. 

Joseph  Swain 1898 Bloominj^ton. 

M.  B.  Thomas 1893 Crawfordsville. 

L.  M.  Underwood 1893 New  York  City. 

C.  A.  Waldo 1893 Lafayette. 

F.  M.  Webster 1894 Wooster,  Ohio. 

H.  W.  Wiley 1895 Washington,  D.  C. 

John  S.  Wright 1894 Indianapolis. 


NON' RESIDENT  MEMBERS, 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell .• Stanford  University,  Cal. 

B.  W.  Everniann Washington,  I).  C. 

Charles  H.  Gilbert Stanford  University,  Cal. 

C.  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt Syracuse,  N.  Y. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

J.  a  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal  Ilronx    Park,    New   York 

(  ity. 
Alfred  Springer Cincinnati,  Ohio. 

E.  Vane  Brumbaugh Fayette,  Iowa. 

Robert  B.  Warder Washington  D.  C. 

Ernest  Walker Cleinson  College,  S.  C. 


ACTIVE  MEMBERS. 

Q.  A.  Abbott Indianaj>oli8. 

Frederick  W.  Andrews Hloomington. 

George  H.  Ashley lndianap<iliH. 

George  C.  Ashman Frankfort. 

Edward  Ayres Lafayette. 

Timothy  H.  Ball Crown  Point. 

J.  A.  Bergstrom Bloomington. 

*  Dat4  of  election. 
2— A.  OP  SciBMca. 


18 

Edwin  M.  Blake Lafayette. 

Lee  F.  Bennett Valparaiso. 

Charles  8.  Bond Richmond. 

M.  C.  Bradlej Bloomington. 

Fred  J.  Breeze PitUburg. 

O.  W.  Brown Richmond. 

A.  Hugh  Bryan Indianapolis. 

E.  J.  Chansler Bicknell. 

Walter  W.  Chipman Warsaw. 

Howard  W.  Clark Culver. 

George  Clements Crawfordsville. 

Charles  Clickener Tangier. 

Mel.  T.  Cook Greencastle. 

U.  O.  Cox Mankato,  Minn. 

Williani  CliflTord  Cox Columbus. 

Albert  B.  Crowe Ft.  Wayne. 

M.  E.  Crowell Franklin. 

Will  Cumback Greensburg. 

Edward  Roscoe  Cumings Bloomington. 

Alida  M.  Cunningham Alexandria. 

Lorenzo  E.  Daniels Laporte. 

Charles  C.  Deam Bluffton. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Herman  B.  Domer Lafayette. 

Albert  H.  Douglass  Logansport. 

Hans  Duden Indianapolis. 

Joseph  Eastman Indianapolis. 

E.  G.  Eberhardt Indianapolis. 

M.  N.  Elrod Columbus. 

Percy  Norton  Evans Lafayette. 

Samuel  G.  Evans .' Evansville. 

J.  E.  Ewers 

Carlton  G.  Ferris Big  Rapids,  Mich. 

E.  M.  Fisher Urmeyville. 

Wilbur  A.  Fiske Richmond. 

Austin  Funk New  Albany. 

Charles  W.  Garrett Logansport. 

Robert  G.  Gillum Terre  Haute. 

Vernon  Gould Rochester. 

J.  C.  Gregg Brazil. . 

Alden  H.  Hadley Richmond. 

U.  S.  Hanna Bloomington. 

William  M.  Heiney Huntington. 

Victor  E.  Hendricks Terre  Haute. 
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Marj  A.  Hickman Greencastle. 

J.  A.  Hill P«ru. 

John  E.  Higdon Indianapolis. 

Frank  C.  Higgint Ttrre  Haute. 

John  J.  Hildebrandt Logansport. 

Laciai  M.  Hubbard South  Bend. 

Alex.  Johnson Ft.  Wayne. 

Edwin  8.  Johonnott,  Jr Terre  Haute. 

Ernest  E.  Jones Eokomo. 

Chancej  Juday Madison,  Wis. 

William  J.  Earslake ' Irvington. 

D.  8.  Eellej Jeffersonville. 

O.  L.  Eelso Terre  Haute. 

A.  M.  Eenjon Lafayette. 

Ernest  I.  Eizer South  Bend. 

Charles  T.  Enipp Bloomington. 

Thomas  Large Madison,  Wis. 

John  Leyering Lafayette. 

V.  H.  Lockwood Indianapolis. 

William  A.  McBeth Terre  Haute. 

Robert  Wesley  McBride Indianapolis. 

Rouflseaa  McClellan Indianapolis. 

Lynn  6.  McMullen Indianapolis. 

James  E.  Manchester Vincennes. 

G.  W.  Martin Nashville,  Tenn. 

Julius  B.  Meyer Lafayette. 

O.  M.  Meyncke  Brookville. 

W.  Q.  Middleton Richmond. 

John  A.  Miller Bloomington. 

W.  J.  Moenkhaas Huntingburg. 

H.  T.  Montgomery South  Bend. 

Walter  P.  Morgan Terre  Haute. 

J.  P.  Naylor Greencastle. 

Charles  E.  Newlin Irvington. 

John  F.  Newsom Stanford  University,  Cal. 

E.  W.  Olive Indianapolis. 

D.  A.  Owen Franklin. 

BoUo  J.  Peirce Logansport. 

W.  H.  Peirce    Chicago,  111. 

Balph  B.  Polk Greenwood. 

James  A.  Price.    Ft.  Wayne. 

Fruik  A.  Preston Indianapolis. 

A.  H.  Purdue Fayetteville,  Ark. 

Byland  Ratliff Bloomington. 

Clande  Riddle Lafayette. 
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D.  C.  Ridgley Chicago,  111. 

Curtis  A.  Rinson HloomiDgton. 

Giles  E.  Ripley Decorah,  la. 

George  L.  Roberts - Greensburg. 

D   A.  Rothrock Bloomington. 

John  F.  Sehnaible Lafayette. 

E.  A.  Schultze Ft.  Wayne. 

John  W.  Shepherd Terre  Haute. 

Claude  8iebenthal Indianapolis. 

J.  R.  Slonaker Bloomington. 

Richard  A.  Smart Lafayette. 

Lillian  Snyder Rockville. 

Retta  E.  Spears Elkhart. 

William  Stewart Lafayette. 

J.  M.  Stoddard Crawford»ville. 

Charles  F.  Stegmaier Greensburg. 

William  B.  Streeter Indianapolis. 

Frank  B.  Taylor Ft.  Wayne. 

S.  N.  Taylor West  Lafayette. 

Erastus  Test Lafayette. 

F.  C.  Test Chicago,  111. 

J.  F.  Thompson Richmond. 

A.  L.  Treadwell Oiford,  Ohio. 

Daniel  J.  Troyer Goshen. 

A.  B.  Ulrey North  Manchester. 

W.  B.  Van  Gorder Worthington. 

Arthur  C.  Veatch Rockport. 

H.  S.  Voorhees Ft.  Wayne. 

J.  H.  Voris Huntington. 

Jacob  Westlund Lafayette. 

Fred  C.  Whitcomb Delphi. 

William  M.  Whitten South  Bend. 

Neil  H.  Williams Indianapolis. 

Guy  Wilson Greencastle. 

Mae  Woldt Indianapolis. 

William  Watson  Woollen Indianapolis. 

A.  J.  Woolman Dulnth,  Minn. 

J.  F.  Woolsey Indianapolis. 

A.  C.  Yoder Vincennes. 

O.  B.  Zell Clinton. 

Fellows 61 

Nonresident  members 14 

Active  members 137 

Total 202 
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LIST  OF  FOREIGN  COHRESPONDENTS. 


AFRICA. 


Dr.   J.   Medley   Wood,   Natal   Botanical   Gardens,    Berea   Durban,   South 

Africa. 
South  African  I*hilosophical  Society,  Cape  Town,  South  Africa. 


ASIA. 
China  Branch  Uoyal  Asiatic  Society,  Shanghai,  China. 
Asiatic  Society  of  Bengal,  Calcutta,  India. 
Geological  Survey  of  India,  Calcutta,  India. 
Indian  Museum  of  India,  Calcutta,  India. 
India  Survey  Department  of  India,  Calcutta,  India. 


Deutsche    Gesellschaft    f(ir    Natur-    und    Volkerkunde    Ostasiens,    Tokio, 

Japan. 
Imperial  University,  Tokio,  Japan. 


Koninklijke   Naturkundige  Vereeniging   in   Nederlandsch-Indie,    Batavia, 
Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Hawaiian  Islands. 


EUROPE. 

V.  R.  Tschuslzu  Schmidhoffen,  Villa  Tannonliof,  Halle  in  Salzburg, 
Austria. 

Herman  von  Vilas,  Innsbruck,  Austria. 

Ethnologische  Mitthellungen  aus  Ungarn,  Budapest,  Austro-Hungary. 

Mathematische  und  Naturwissenschaftliche  Berichte  aus  Ungarn,  Buda- 
pest, Austro-Hungary. 
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K.  K.  Oeologlsche  Reichsanstalt,  Vienna  (Wien),  Austro-Hungary. 
K.  U.  Natnrwissenschaftliche  Gesellschaft,  Budapest,  Austro-Hungary. 
Naturwissenschaftlich-MedizinlBcher  Verein  in  Innsbruck  (lyrol),  Au8tr»- 
Hungary. 


Editors  "Termeszetrajzi  Fuzetk/'  Hungarian  National  Museum,  Buda- 
pest, Austro-Hungary. 
Dr.  Eugen  Dadai,  Adj.  am  Nat.  Mus.,  Budapest,  Austro-Hungary. 
Dr.  Julius  Ton  Madarasz,  Budapest,  Austro-Hungary. 
K.  K.  Naturbistoriscbes  Hofmuseum,  Vienna  (Wien),  Austro-Hungary. 
Omitbologieal  Society  of  Vienna  (Wien),  Austro-Hungary. 
Zoologische-Botanische  Gesellscbaft  in  Wien  (Vienna),  Austro-Hungary. 
Dr.  J.  von  Csato,  Nagy  Enyed,  Austro-Hungary. 


Malacological  Society  of  Belgium,  Brussels,  Belgium. 

Royal  Academy  of  Science,  Letters  and  Pine  Arts,  Brussels,,  Belgium. 

Royal  Linnean  Society,  Brussels,  Belgium. 

Society  Beige   de   Geologic,   de  Paleontologi6   et   Hydrologie,   Brussels, 

Belgium. 
Society  Royale  de  Botanique,  Brussels,  Belgium. 
Society  Geologique  de  Belgique,  Li^ge,  Belgium. 


Prof.  Christian  Frederick  Lutken,  Copenhagen,  Denmark. 


Bristol  Naturalists*  Society,  Bristol.  England. 

Geological  Society  of  London,  London,  England. 

Dr.  E.  M.  Holmes,  British  Pharm.  Soc*y,  Bloomsbury  Sq.,  Londbn,  W.  O., 

England. 
Jenner  Institute  of  Preventive  Medicine,  London,  England. 
Linnean  Society  of  London,  London,  England. 
Liverpool  Geological  Society,  Liverpool,  England. 
Manchester  Literary  and  Philosophical  Society,  Manchester,  England. 
"Nature,"  London,  England. 
Royal  Botanical  Society,  London,  England. 
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Royal  Geological  Society  of  Cornwall,  Penzance,  England. 

Royal  Microscopical  Society,  London,  England. 

Zoological  Society,  London,  England. 

Lieut.-Gol.  John  Biddulph,  43  Charing  Cross,  London,  England. 

Dr.  G.  A.  Boulenger,  British  Mus.  (Nat.  Hist),  London,  England. 

F.  DuCane  Godman,  10  Chandos  St.,  Cavendish  Sq.,  London,  England. 

Hon.  E.  L.  Layard,  Budleigh  Salterton,  Devonshire,  England. 

Mr.  Osbert  Salvin,  Hawksford,  Femshurst,  Haslemere,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Park,  London  W.,  England. 

Phillip  L.  Sclater,  3  Hanover  Sq.,  London  W.,  England. 

Dr.  Richard  Bowlder  Sharpe,  British  Mus.  (Nat.  Hist.),  London,  England. 

Prof.  Alfred  Russell  Wallace,  Corfe  View,  Parkstone,  Dorset,  England. 


Botanical  Society  of  France,  Paris,  France. 

Minlstfirie  de  TAgriculture,  Paris,  France. 

Society  Entomologique  de  France,  Paris,  France. 

L'Institut  Grand  Ducal  de  Luxembourg,  Luxembourg,  Lux.,  France. 

Soc.  de  Horticulture  et  de  Botan.  de  Marseille,  Marseilles,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

La  Soc.  Linneenne  de  Normandie,  Caen,  France. 

Soc.  des  Naturelles,  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'Hamonville,  Meurthe  et  Moselle,  France. 

Prof.  Alphonse  Milne-Edwards,  Rue  Cuvier,  57,  Paris,  France. 

Pasteur  Institute,  Lille,  France. 


Bontanischer  Verein  der  Provinz  Brandenburg,  Berlin,  Germany. 

Deutsche  Geologische  Gesellschaft,  Berlin,  Germany. 

Entomologischer  Verein  in  Berlin,  Berlin,  Germany. 

Journal  ftlr  Ornithologie,  Berlin,  Germany. 

Prof.  Dr.  Jean  Cabanis,  Alte  Jacob  Strasse,  103  A.,  Berlin,  Germany. 

Augsburger  Naturhistorischer  Verein,  Augsburg,  Germany. 

Count  Hans  von  Berlspsen,  MQnden,  Germany. 

Braunschweiger  Verein  ftir  Naturwissenschaft,  Braunschweig,  Germany. 

Bremer  Naturwissenschaftlicher  Verein,  Bremen,  Germany. 
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Kaiserliehe  Leopoldische-Carolinische  Deutsche  Akftdemie  der  Naturfor- 

scher,  Halle,  Saxony,  Germany. 
KOnlfflich-SUchsische    Gesellschaft    der    Wissensehaften,    Matliematisch- 

Pbysisclie  Classe,  Leipzig.  Saxony,  Germany. 
Naturhistoriscbe  Gesellschaft  zu  Hanover.  Hanover.  Prussia,  Germany. 
Naturwissenschaftlicher  Verein  in  Hamburg,  Hamburg,  Germany. 
Verein  ftir  Erdkunde,  Leipzig,  Germany. 
Verein  ftir  Naturkunde.  Wiesbaden,  Pnissia. 


Belfast  Natural  History  and  Philosophical  Society,  Belfast,  Ireland. 
Royal  Dublin  Society,  Dublin. 


Societa  Entomologica  Italiana,  Florence,  Italy. 

Prof.  H.  H.  Giglioli,  Museum  Vertebrate  Zo<ilog>',  Florence,  Italy. 

Dr.  Alberto  Pemgia,  Museo  Civico  di  Storia  Naturale,  Genoa.  Italy. 

Societa  Italiana  de  Sclenze  Naturali,  Milan.  Italy. 

Societa  xVfricana  d'  Italia,  Naples,  Italy. 

Dell  'Acadomia  Pontifico  de  Nuovi  Liucei,  Rome,  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome.  Italy. 

Rassegna  della  Scienze  Geologiche  in  Italia,  Rome.  Italy. 

R.  Comitato  Geologico  d'  Italia,  Rome,  Italy. 

Prof.  Count  Tomasso  Salvadori,  Zor)log.  Museum.  Turin.  Italy. 


Royal  Norwegian  Society  of  Sciences,  Throndhjom.  Norway. 
Dr.  Robert  Collett,  Kongl.  Frcderiks  T^nlv.,  Clirlstlann.  Norway. 


Academia  Real  des  Sciencias  do  T.isboa  (Lisimn),  l^ortugal. 


Comit<^  Goologlciue  de  Russie,  St.  Petersburg.  Russia. 
Imperial  Academy  of  Sciences,  St.  Petersburg,  Russia. 
Imperial  Society  of  Naturalists,  Moscow,  Russia. 
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The  Botanical  Society  of  Edinburgn,  EdiDburgh,  Scotland. 

John  J.  Dalgleish,  Hraukston  Grange,  Bogside  Sta.,  Sterling,  Scotland. 

Edinburgh  Geological  Society.  Edinl)urgh,  Scotland. 

Geological  Society  of  Glasgow,  Scotland. 

John  A.  Harvie-Brown,  Duniplace  House,  Larbert,  Stirlingshire,  Scotland. 

Natural  History  Soi^iety,  Glasgow,  Scotland. 

Philosophical  Societj'  of  Glasgow,  Glasgow.  Scotland. 

Royal  Society  of  Edinburgh,  Edinburgh,  Scotland. 

Royal  Physical  Society,  Edinburgh,  Scotland. 


Barcelona  Acadeniia  de  Ciencias  y  Artes,  Barcelona,  Spain. 
Royal  Academy  of  Sciences,  Madrid,  Spain. 


Institut  Royal  (Tcologique  de  SuMe,  Stockholm,  Sweden. 
Society  Entomologique  A,  Stockholm,  Stockholm,  Sweden. 
Royal  Swetlish  Academy  of  Science,  Stockholm,  Sweden. 


Naturforschende  Gesellschaft,  Basel,  Switzerland. 
Naturforschende  Gesellschaft  in  Berne,  Berne,  Switzerland. 
La  Society  Botanique  Suisse,  Geneva,  Switzerland. 
Society  Helvetique  de  Sciences  Naturelles,  Geneva,  Switzerland. 
Society  de  Physique  et  d'  Historic  Naturelle  de  Geneva,  Geneva,  Switzer- 
land. 
Concilium  Bibliographicuni,  Zlirich-Oberstrasse,  Switzerland. 
Naturforschende  Gesellschaft,  ZUrich,  Switzerland. 
Schweizerische  Botanische  Ciesellschaft,  Ziirich,  Switzerland. 
Prof.  Herbert  H.  Field.  Ziirich,  Switzerland. 


AUSTRALIA. 
Linnean  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 
Royal  Society  of  New  South  Wales,  Sidney,  New  South  WalcM-j. 
Prof.  Liveridge.  F.  R.  S.,  Sidney,  New  South  Wales. 
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Hon.  Minister  of  Mines,  Sidney,  New  South  Wales. 

Mr.  B.  P.  Ramsey,  Sidney,  New  South  Wales. 

Royal  Society  of  Queensland,  Brisbane,  Queensland. 

Royal  Society  of  South  Australia,  Adelaide,  South  Australia. 

Victoria  Pub.  Library,  Museum  and  Nat.  Gallery,  Melbourne,  Victoria. 

Prof.  W.  L.  BuUer,  Wellingrton,  New  Zealand. 


NORTH  AMERICA. 

Natural  Hist  Society  of  British  (Columbia,  Victoria,  British  Columbia. 

Canadian  Record  of  Science,  Montreal,  Canada. 

McGill  University,  Montreal,  Canada. 

Natural  Society,  Montreal,  Canada. 

Natural  History  Society,  St.  Johns,  Now  Brunswicli. 

Nova  Scotia  Institute  of  Science,  Halifax,  N.  S. 

Manitoba  Historical  and  Scientific  Society,  Winnepeg,  Manitoba. 

Dr.  T.  Mcllwralth,  Caimbrae,  Hamilton,  Ontario. 

The  Royal  Society  of  Canada,  Ottawa,  Ontario. 

Natural  History  Society,  Toronto,  Ontario. 

Hamilton  Association  Library,  Hamilton,  Ontario. 

Canadaian  Entomologist,  Ottawa,  Ontario. 

Department  of  Marine  and  Fisheries,  Ottawa,  Ontario. 

Ontario  Agricultural  College,  Guelph,  Ontario. 

Canadian  Institute,  Toronto. 

Ottawa  Field  Naturalists'  Club,  Ottawa,  Ontario. 

University  of  Toronto,  Toronto. 

Geological  Survey  of  Canada,  Ottawa,  Ontario. 

La  Naturaliste  Canadian,  Chicontini,  Quebec. 


La  Naturale  Za,  City  of  Mexico. 
Mexican  Society  of  Natural  History,  City  of  Mexico. 
Museo  Nacional,  City  of  Mexico. 
Sociedad  Cientifica  Antonio  Alzate,  City  of  Mexico. 

Sociedad  Mexicana  de  Geographia  y  Estadistica  de  la  Republica  Mexicana, 
City  of  Mexico. 
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WEST  INDIES. 

Victoria  Institute,  Trinidad,  British  West  Indies. 

Museo  Naclonal,  San  Jose,  Costa  Rica,  Central  America. 

Dr.  Anastasla  Alfaro,  Secy.  National  Museum,  San  Jose,  Costa  Rica. 

Rafael  Arango,  Havana,  Cuba. 

Jamaica  Institute,  Kingston,  Jamaica,  West  Indies. 


SOUTH  AMERICA. 

Argentina  Hlstoria  Natural  Florentine  Amegline,  Buenos  Ajrres,  Argen- 
tine Republic. 

Mus^e  de  la  Plata,  Argentine  Republic. 

Naclonal  Academia  des  Ciencias,  Cordoba,  Argentine  Republic. 

Sociedad  Clentlfica  Argentina,  Buenos  Ayres. 

Museo  Naclonal,  Rio  de  Janeiro,  Brazil. 

Sociedad  de  Geographla,  Rio  de  Janeiro,  Brazil. 

Dr.  Herman  von  Jherlng,  Dir.  Zo61.  Sec.  Con.  Geog.  e  Geol.  de  Sao  Paulo, 
Rio  Grande  do  Sul,  Brazil. 


Deutscher  WlssenschaftUcher  Verein  in  Santiago,  Santiago,  Chili. 

Society  Scientifique  du  Chili,  Santiago,  Chill. 

Sociedad  Guatemalteca  de  Ciencias,  Guatemala,  Guatemala. 
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.     .     .     RROGRAIVI     .     . 

OP  THE 

SIXTEENTH  ANNUAL  IVlEEXINQ 

OP  THE 

Indiana  Academy  of  Science, 

STATE  HOUSE,  INDIANAPOLIS. 

December  26  and  ST,  lOOO. 


OFFICERS  AND  EX- OFFICIO  EXECUTIVE  COMMITTEE. 

D.  W.  Dbknis,  President.        M.  B.  Thomas,  Vice-President.       John  S.  Wrioht,  Seoretary. 

E.  A.  ScHULTssB,  Asst.  Secretary.  Qr<>.  W.  Bkxton,  Press  Secretary. 

J .  T.  ScovklIm  Treasurer. 

C.  H.  EiOBNif  ANN,  Amos  W.  BcTLER,  0.  P.  Hay,  J.  P.  D.John, 

C.A.Waldo,  W.A.Noyks,  T.  C.  Mrndbnhall,  Joes  M.  Coultbk, 

Thomas  Gray,  J.C.  Arthur,  John  C.Brannbr,  Datid  S.Jordan. 

Stanlby  Ooultbr,  J.  L.  Campbell, 


The  sessions  of  the  Academy  will  be  held  in  the  State  House,  in  the  rooms  of  the  State 
Board  of  Agriculture. 

Headquarters  will  be  at  the  Bates  House.  A  rate  of  $2.00  and  up  per  day  will  be  made 
to  all  persons  who  make  it  known  at  the  time  of  registering  that  they  are  members  of  the 
Academy. 

Keduced  railroad  rates  for  the  members  can  not  be  obtained  under  the  present  ruling  of 
the  Traffic  Association.  Many  of  the  colleges  can  secure  special  rates  on  the  various  roads. 
Those  who  can  not  do  this,  could  join  the  State  Teachers'  Association  and  thus  i>ecuro  a  one 
and  one-third  round  trip  fare.  L.  J.  RETTGER, 

SEVERANCE  BURRAGE. 
Committee. 


GENERAL  PROGRAM. 


Wkdnrsday,  Drormurr  26. 
Meeting  of  Eiecutive  Committee  at  the  Hotel  Headquarters 8  p.m. 

Thursday,  Dbgrmrrr  27. 

General  Session 9  a  m.  to  12  m. 

Sectional  Meetings 2  p.  m.  to  5  p.  m. 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDBKSS  BY  THE  RETIBINO   PBE9IDENT, 

PROFESSOR  DAVID  W.  DENNIS, 

At  11  o'clock  Tharsday  morniDg. 

Subject :    **  Photomicrography  as  It  May  be  Practiced  To-Day." 


The  following  papers  will  be  read  in  the  order  in  which  they  appear  en  the  program, 
except  that  certain  papers  will  be  presented  "  parri  pa«««  "  in  sectional  meetings.  When  a 
paper  is  ealled  and  the  reader  is  not  present,  it  will  be  dropped  to  the  end  of  the  list,  unUs 
by  mutual  agreement  an  exchange  ean  be  made  with  another  whose  time  is  approximately 
the  same.  Where  no  time  was  sent  with  the  papers,  they  have  been  uniformly  assigned  ten 
minutes.    Opportunity  will  be  given  after  the  reading  of  each  paper  for  a  brief  disoussien. 

N.  B.—  By  the  order  of  the  Academy  ^  no  paper  can  be  read  until  an  abstract  of  itt  contentt 
or  the  leritten  paper  hat  been  placed  in  the  handt  of  the  Secretary. 

GENERAL. 

1.  The  Leonids  of  1000,  15  m John  A.  Miller. 

2.  Mosquitoes  and  Malaria,  10  m Robert  Hessler. 

•3.    Outline  of  a  Course  of  Reading  on  General  Biological  Prob- 
lems, 10  m C.  H.  Eigenmann. 

4.  A  Shell  Gorget  Found  near  Spioeland,  Ind.,  10  m Joseph  Moore. 

5.  A  Harbor  at  the  South  End  of  Lake  Michigan,  15  m. .  J.  L.  Campbell. 

MATHEMATICS  AND  PHYSICS. 

6.  Some  Properties  of  the  Symniedian  Point,  8  m Ro])ert  J.  Aley. 

7.  Note  on  MeGinnis's  Universial  Solution,  5  m Ro])ert  J.  Aley. 

8.  Graphic  Methods  in  Elementary  Mathematics.  10  m.  .Robert  J.  Aley. 
0.    The  Autonmtic  Temperature  Regulator,  (>  m Charles  T.  Knipp. 

•10.    Concerning  the  Sphere  as  a  Space-Element,  10  m. . .  .D.  A.  Rothrock. 

11.  The  Cayleyan  Cubic,  20  m C.  A.  Waldo  and  John  A.  Newlin. 

12.  The  X'se  of  the  Bicycle  Wheel  in  Illustrating  the  Principles 

of  the  (gyroscope,  15  m Charles  T.  Knipp. 

13.  The  Cyclic  Quadrilateral,  10  m J.  (\  Gregg. 

14.  Note  on  the  Determination  of  Vapor  Densities,  5  m., 

Charles  T.  Knipp. 


•Author  absent,  paper  net  presented. 
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15.  An  Improved  Wehnelt  Interrupter,  15  m., 

A.  L.  Foley  and  R.  E.  Nys wander. 

16.  A  Method  of  Measuring  the  Absolute  Dilatation  of  Mercury, 

10  m A.  L.  Foley. 

17.  The  Geodesic  Line  of  the  Space  ds'=dx*+sin'xdy»+dz^ 

10  m S.  C.  Davisson. 

18.  The  Friction  of  Railway  Brake  Shoes  under  Various 

Conditions  of  Speed,  Pressure  and  Temperature, 

10  m Richard  A.  Smart 

19.  Diamond  Fluorescence,  10  m A.  L.  Foley. 

20.  A  Theorem  in  the  Theory  of  Numbers,  10   Jacob  Westlund. 

21.  On  the  Decomposition  of  Prime  Numbers  in  a  Bi-Quad- 

ratic  Number-Field,  10  m Jacob  Westlund. 

22.  Dissociation  Potentials  of  Neutral  Solutions  of  Lead 

Nitrate  with  Lead  Peroxide  Electrodes,  10  m. .  .Arthur  Kendrick. 

23.  Some  Observations  with  Rayleigh's  Alternate  Current 

Phasemeter,  10  m E.  S.  Johonnott,  Jr. 

CHEMISTRY. 

24.  A  Demonstration  Apparatus,  10  m P.  N.  Evans. 

25.  Methylation  of  Halogenamides  with  Diazomethane, 

10  m James  H.  Ransom. 

26.  Note  on  the  Apparent  Deterioration  of  Formalin,  2  m. Thomas  Large. 

BOTANY. 

27.  Notes  on  the  Examination  of  Vegetable  Powders, 

10  m  John  S.  Wright. 

28.  The  Staining  of  Vegetable  Powders,  5  m John  S.  Wright. 

29.  Cryptogamic  Collections  Made  During  the  Year,  8  m.  .M.  B.  Thomas. 

30.  Experiments  with  Smut,  8  m M.  B.  Thomas. 

31.  The  Flora  of  Lake  Maxinkuckee,  15  m J.  T.  Scovell. 

32.  Generic  Nomenclature  of  the  Cedar- Apples,  10  m J.  C.  Arthur. 

♦33.    The  Uredineae  of  Parke  County.  Indiana,  10  m Lillian  Snyder. 

34.    Additions  to  the  Flora  of  Indiana,  10  m Stanley  Coulter. 

♦35.    Seed  Vitality  in  Native  Plants,  10  m Stanley  Coulter. 


*  Author  abtent,  paper  not  praieBttd. 
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36.  Some  Midsummer  Plants  of  Southeastern  Tennessee, 

10  m  Stanley  Coulter. 

37.  A  Study  of  the  Constituents  of  Corn  Smut,  10  m William  Stuart. 

38.  A  Bacterial  Disease  of  Tomatoes,  10  m William  Stuart. 

39.  Device  for  Supporting  a  Pasteur  Flask,  3  m Katherine  E.  Golden. 

40.  Notes  on  the  Microscopic  Structure  of  Woods, 

10  m  Katherine  E.  Golden. 

41.  Movement  of  Protoplasm  in  the  Hyphae  of  a 

Mould,  10  m Katherine  E.  Golden. 

42.  Description  of  Certain  Bacteria  Obtained  from 

Nodules  of  Various  Leguminous  Plants,  10  m .  Severance  Burrage. 

43.  A  Few  Mycological  Notes  for  July  and  August,  1900 

—Wells  and  Whitley  Counties,  10  m E.  B.  Williamson. 

♦44.    Notes  on  a  Collection  of  the  Fungi  of  Vigo  County,  10  m., 

Fred  Mutchler. 

ZOOLOGY. 

45.  The  Kankakee  Salamander,  5  m T.  H.  Ball. 

46.  The  Eel  Question  and  the  Development  of  the  Conger 

Bel,  10  m C.  H  Eigenmann. 

47.  The  Mounting  of  the  Remains  of  Megalonyx  Jefferson! 

from  Henderson,  Kentucky,  10  m C.  H.  Eigenmann. 

48.  Contribution  Toward  the  Life  History  of  the  Sque- 

teague,  10  m C.  H.  Eigenmann. 

49.  A  New  Oceanic  Fish,  10  m C.  H.  Eigenmann. 

49.    A  New  Genus  of  Oceanic  Fishes,  10  m C.  H.  Eigenmann. 

60.  A  New  Species  of  Cave  Salamander  from  the  Caves  of 

the  Ozarks  in  Missouri,  10  m C.  H.  Eigenmann. 

61.  An  Addition  to  the  Fishes  Occurring  in  Indiana,  10  m.  .L.  J.  Rettger. 
♦62.    On  the  Function  of  the  Blood-Sinuses  of  the  Reptilian 

Head,  with  Exhibition  of  Photographs,  10  m H.  L.  Bruuer. 

♦53.    Protraction  of  the  Lower  Jaw  as  a  Means  of  Closing 

the  External  Nares  in  Anura,  10  m H.  L.  Bruner. 

•54.    Some  Interesting  Peculiarities  in  the  Development  of 

Hybrid  Fishes,  15  m W.  J.  Moenkhaus. 


♦Author  absent,  paper  not  presented. 
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•55.    A  Probable  Hybrid  Darter,  5  m \V.  J.  Moeukbaus. 

5(].    Some  Observfttions  of  the  Daily  Habits  of  the  Toad, 

10  m J.  R.  Slonak«-. 

57.  The  Methods  and  Extent  of  the  Illinois  Ichthyological 

Survey,  5  m Thomas  Large. 

58.  Additions  to  the  Indiana  Lists  of  Dragon-Flies,  with  a  * 

Few  Notes,  10  m E.  B.  Williamson. 

GEOORArHY  AND  GEOLOGY. 

59.  Eskers  and  Esker  Lakes,  20  m C.  R.  Dryer. 

iii).    Spy  Run  and  Poinsett  Lake  Bottoms,  7., 

J.  A.  Price  and  Albert  Shaaf. 
61.    Abandoneil  Meanders  of  Spy  linn  C'reek,  5  ni., 

J.  A.  Price  and  Albert  Shaaf. 
G2.    The  Development  of  the  Wabash  Drainage  System  and 

the  Recession  of  the  Ice  Sheet  in  Indiana.  20  m. .  Wm.  A.  McBeth. 

63.  A   Theory  to  Explain  the   Western   Indiana    Bowlder 

Belts,  5  m Wm.  A.  McBeth. 

64.  Aids  in  Teaching  Physical  Geography,  10  m V.  F.  Marsters. 

♦65.    (T(H)grapliy   of    Harper's   Ferry    Slieet   (illustrated   by 

model),  10  m V.  F.  Marsters. 

66.    River  Bends  and  Bluflfs,  10  m Wm.  M.  Heiney. 

iu.    Notes  on  the  Ordovician  Rocks  of  Soutliern  Indiana, 

30  m Edgar  R.  Cumings. 

65.  Some  I>evelopmental  Stages  of  Ortliothetos  minutus 

N.  Sp.,  to  m Edgar  R.  (timings. 

t6J).    The  (/old-Blooded  Vertebrates  of  Winona  Lake  and  Vi- 
cinity   E.  ?:.  Ramsey. 

•Author  absent,  paper  not  presented. 

fThe  paper  was  announced  in  the  program  of  1899,  but  was  not  completed  for  publica- 
tion until  recently. 
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THE  SIXTEENTH  ANNUAL  MEETING  OF  THE  IN- 
DIANA ACADExMY  OF  SCIENCE. 

The  sixteenth  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  in  Indianapolis,  Thursday,  December  27,  1900,  preceded  by  a 
session  of  the  Executive  Committee  of  the  Academy,  9  p.  m.,  Wednesday, 
December  26. 

At  9:15  a.  m.,  December  27,  President  David  W.  Dennis  called  the 
Academy  to  order  in  general  session,  at  which  committees  were  appointed 
and  other  routine  and  miscellaneous  business  transacted.  Following  the 
disposition  of  the  business,  papers  of  general  interest  were  read  until 
11  o'clock,  at  which  time  the  retiring  President,  David  W.  Dennis,  made 
his  address:  subject,  "Photomicrography  as  It  May  Bo  Practiced  To-Day." 

At  2  p.  m.  the  Academy  met  in  two  sections— biological  and  physico- 
chemical— for  the  reading  and  discussion  of  papers.  President  Dennis 
presided  over  the  biological  section,  while  Drs.  J.  L.  Campbell  and  Thomas 
Gray  in  turn  acted  as  chairman  of  the  physico-chemical  section.  At 
5  p.  m.  the  section  meetings  adjourned  and  the  Academy  was  assembled 
in  general  session  for  the  transaction  of  business. 

Adjournment^  5:30  p.  m. 


THE  FIELD  MEETING  OF  1900. 

The  Field  Meeting  of  1900  was  held  in  Terre  Haute,  Thursday,  Friday 
and  Saturday,  May  24,  25  and  26. 

Thursday  evening  members  of  the  Executive  Committee  met  in  session 
at  the  Terre  Haute  House. 

Friday  was  occupied  by  an  excursion  of  tlie  Academy  to  Alum  Cave 
and  vicinity.  The  party  left  Terre  Haute  by  rail  early  in  the  morning, 
reaching  Alum  Cave  about  the  middle  of  the  forenoon,  where  the  day 
was  spent  in  visiting  the  mines  and  interesting  coal  fields  of  that  vicinity. 
The  return  to  Terre  Haute  was  made  in  the  evening.  On  Saturday  excur- 
sions into  the  field  were  made  in  the  neighborliood  of  Terre  Haute. 

The  visiting  members  of  the  Academy  gratefully  aclvnowledge  their 
indebtedness  to  the  Terre  Haute  nieuibors,  the  moinbors  of  the  Terre 
Haute  Science  Club  and  their  friends  for  the  numerous  thoughtful  cour- 
tesies which  made  the  Field  Meeting  of  1900  so  pleasant  and  profitable. 

3— A.  OF  SCIKKCE. 
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PRESIDEXTS  ADDRESS. 

By  D.  W.  Dennis. 

Photomicrography  as  it  May  be  I^racticed  To-Day. 

Tlu»  instniineiit  with  which  my  worlv  in  pliotoiiiicrography  is  at  pres- 
ent being  done  is  in  a  compartment  of  the  office  of  Dr.  C.  S.  Bond,  of 
Richmond,  Indiana;  it  rests  on  a  solid  stone  tioor;  tlie  source  of  iHumina- 
tion  is  an  arc  liglit  fed  by  a  52-volt  alternating?  current.  The  tables,  the 
optical  bench,  the  microscope  bench  and  all  the  illnminatinjj:  accessories 
that  it  carries  and  the  camera  were  furnished  by  the  Hausch  &  Lomb 
Optical  Company;  the  microscope  stand  and  all  its  accessories  were 
furnished  by  Zeiss;  the  stand  is  the  181H)  model.  The  instrument  is  shown 
In  Fig.  1.  The  objectives  are  the  7(».  .'C>,  10,  S.  4,  and  2mm;  the  eyepieces 
are  the  4,  tj,  and  S  compensating  and  the  4  projection  eyepiece.  Tht 
microscope  stand  Is  the  property  of  the  Earlham  biological  laboratory; 
all  other  parts,  including  the  lenses,  are  the  property  of  Dr.  Bond,  who 
not  only  by  his  financial  assistance  mn<le  it  possible  for  me  to  have  such 
an  apparatus  with  which  to  work,  but  he  has  worked  with  me  in  all 
that  I  have  done,  and  has  carrie<l  out  without  regard  to  expense  every 
suggestion  that  we  could  either  of  us  make,  with  reference  to  the  better- 
ment of  the  instrument.  The  "we"'  which  I  use  in  my  paper  is  not  the 
conventional  editor's  we;  it  means  tlie  doctor  and  myself. 

INTRODUCTORY. 

The  photomi(rrograi>hy  of  to-day  at  its  best  has  been  made  possible 
by  the  growth  of  several  diflferent  lines  of  work.  The  perfecting  of  the 
arc  light  is  one  of  these;  sunlight  will  do  instead  of  this,  but  the  uncer- 
tainty of  being  able  to  use  it  at  any  particular  time  is  against  it;  the 
arc  light  is  always  ready;  its  brilliancy  is  always  the  same;  photO' 
micrograplis  of  nil  diameters  from  4, (mm)  down  can  be  made  with  it  in 
from  a  very  r(»w  minutes  to  a  small  fraction  of  one  second.  After  one 
has  fully  masternl  his  apparatus  and  needs  to  use  the  light  only  for 
adjustment  and  exi>osure  it  is  comparatively  inexpensive. 

The  perfecting  of  tlie  micr(»s<'ope  in  all  its  paits  was  necessary  before 
the  work  of  making  photomicrographs  of  l.(MK>  diameters  and  upwards 
with  such  ease  and  certainty  as  to  make  them  practicable  for  ordinary 
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purposes  was  possible.  Indeed,  tlie  proper  focusing  of  the  microscope 
has  been  made  so  easy  by  Zeiss's  latest  stand  tliat  it  may  be  said  that 
only  within  a  few  months  past  has  the  use  of  tliese  high  powers  been 
available  except  in  tlie  hands  of  the  foremost  experts,  and  even  these 
consumed  so  much  time  and  made  so  many  failures  to  every  success 
that  a  good  photomicrograph  was  as  costly  as  it  was  rare;  an  entire 
revolution  of  the  micrometer  adjustment  screw  in  Zeiss's  new  1899  model 
stand  for  photomicrography  lifts  or  lowers  the  tube  only  .04  of  a  milli- 
meter, i.  e.,  one-fiftieth  of  the  entire  focal  distance,  and  since  a  movement 
through  less  than  one  degree  is  entirely  practicable,  the  tube  of  the 
microscope  can  be  raised  or  lowered  one  nine-thousandth  of  a  millimeter, 
or  one  two  hundred  and  twenty-five  thousandtli  of  an  inch.  This  is  one 
eighteen  thousandth  of  its  focal  distance. 

How  correctly  to  illuminate  the  object  is  again  a  science  in  itself; 
unless  this  is  done,  the  most  complete  and  costly  apparatus  constructible  or 
imaginable  will  not  give  one  correct  photomicrograph:  if  the  illumination 
is  nearly  right  the  results  will  be  entirely  wrong;  the  object  can 
be  drowned  in  light  or  it  can  be  surrounded  with  halos  that  will  remind 
the  operator  of  a  medieval  painting  without  a  suggestion  of  the  piety 
that  should  accompany  the  reminder. 

The  production  of  a  good  photomicrograph  requires  a  worliing  knowl- 
edge of  photography;  the  use  of  the  right  developer,  the  riglit  plate,  the 
proper  use  of  re<luction  and  intensification  of  the  negative— all  affect 
details.  Three  or  at  least  two  experts  have  hitlierto  })oen  necessary  for 
the  production  of  a  good  photomicrograph  of  2.000  or  more  diameters— a 
physicist  to  illuminate  it,  a  niicroscopist  with  a  Ivnowlcdge  of  the  object 
to  adjust  and  focus  the  microscope,  and  a  photograi)lier  to  expose,  develop 
and  print  it.  The  introductions  to  all  atlases  of  tliis  sort  that  I  have  seen 
show  that  the  skill  of  several  men  has  been  enlist e<l  in  their  production. 

Photomicrography  has  grown  then  with  the  growtli  of  microscopy, 
photography,  and  optics;  it  has  proposed  problems  to  all  these  sciences 
which  they  have  separately  tiiken  up  and  solved  in  its  behalf. 

To  retrace  the  steps  from  Dagnerre  to  tlic  onil  of  the  century,  from 
Newton  to  Abbe,  from  the  Dutch  spectacle  maker  to  Zeiss,  is  the  work  of 
books,  not  addresses;  the  sacrifices  and  victories  alon^  tliese  Journeys  may 
have  been  elsewhere  eciualed,  they  have  not  ])een  surpassetl. 
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THE  APPARATUS  IN  GENERAL. 


The  apparatus  consists  of  a  table  43  inches  long  and  15%  inches  wide 
on  strong  and  adjustable  iron  supports.  Upon  this  table  reets  the  optical 
bench  on  four  adjustable  iron  legs  which  permit  it  to  slide  back  and  forth 
on  two  iron  tracks.  This  optical  bench  carries  the  arc  lights  and  all  other 
accessories  for  illumination,  except  those  which  are  a  part  of  the  micro- 
scope; these  are,  naming  them  from  the  light  forward,  first  the  condenser, 
which  consists  of  two  convexo-concave  lenses  four  inches  in  diameter 
mounted  at  the  ends  of  a  nickeled  tube;  the  lens  farthest  away  from  the 
light  is  adjustable  in  the  carrying  tube.  Then  comes  the  cooling  cell, 
the  ray  filters,  the  shutter,  the  biconcave  lens  and  the  field  diaphragm  (.see 
Fig.  1);  all  these  parts  are  carried  on  two  nickeled  iron  rods,  and  are 
adjustable  in  height  from  right  to  left  and  from  before  backward  on  the 
table.  A  second  table  placed  at  the  end  of  this  of  the  same  width  and 
height  resting  also  on  adjustable  iron  supports,  is  85  inches  long  and 
carries  the  microscope,  which  has  as  substage  parts  the  Abbe  with  its 
iris  diaphragm  and  an  additional  iris  diaphragm  immediately  under  the 
object  for  use  when  the  Abbe  is  swung  out.  It  carries  also  an  extensible 
camera  which  can  be  drawn  out  so  as  to  hold  the  ground  glass  and  the 
photographic  plate  at  any  distance  from  the  object  between  20  and  75 
inches. 

As  TO  THE  SdPPOBT  OF  THE   MICROSCOPE. 

It  has  hitherto  been  regarded  as  in  principle  wrong  to  have  the  micro- 
scope on  the  same  table  with  the  camera;  our  experience  convinces  me 
that  this  is  a  good  arrangement,  if  it  is  accomi)aniod  by  the  other  pre- 
cautions we  now  have  for  keeping  the  microscope  steady.  As  we  received 
our  instrument  the  microscope  bench  was  clasped  by  iron  clamps  to  two 
nickeled  iron  tubes  which  extend  the  entire  length  of  the  camera  table 
and  carry  also  the  camera.  By  this  arrangement  any  shaking  of  the 
camera  was  communicated  to  the  microscope  directly  and  rendered  the 
preservation  of  the  focus  during  the  replacement  of  the  ground  glass 
by  the  plate  holder  nearly  impossible;  not  one  in  five  of  our  exposures 
with  this  arrangement  was  successful;  something  had  to  be  done;  we 
could  not  put  the  microscope  on  a  separate  table  without  entirely  changing 
the  means  of  controlling  the  fine  adjustment,  which  is  regulated  by  a  rod, 
with  milled  head  fastened  to  the  table  under  the  camera  and  connected 
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by  a  belt  with  the  micrometer  screw;  furthermore,  this  exerted  a  slight 
pull  on  the  microscope  tube  that  rendered  focusing  very  difficult;  we 
overcame  our  difficulties  by  tirst  placing  four  adjustable  brass  pillars 
under  the  microscope  bench;  the  bench  was  now  held  down  to  the  rods 
by  the  binding  screws  and  its  distance  from  the  table  was  made  abso- 
lutely the  same  by  the  brass  supports;  ordinary  sliding  of  the  camera  in 
changing  its  length  or  putting  in  and  talking  out  the  plate  holder  does  not 
in  any  way  damage  the  focus.  To  brace  the  microscope  tube  against 
the  pull  of  the  focusing  belt  we  supported  it  two  and  a  half  inches  behind 
the  milled  head  of  the  micrometer  screw  by  an  adjustable  brass  pillar 
reaching  down  to  the  camera  table.  Since  making  these  additions  we 
have  not  lost  a  single  plate  by  change  of  focus.  This  result  can  be 
brought  to  pass  in  other  ways,  perhaps,  but  this  is  one  good  way  and  for 
the  following  reason  is,  I  believe,  the  best  way:  We  have  fastened  also 
to  our  camera  table  a  brass  rod  inside  of  a  brass  tube,  each  provided  at 
the  focusing  plate  end  of  the  camera  with  milled  heads  and  at  the 
microscope  end  with  separate  belts  passing  around  the  grooved  heads  that 
control  the  moveable  stage,  so  that  the  operator  six  feet  away  can  system- 
atically search  a  field  over,  that  is  three-eighths  of  an  inch  in  diameter. 
This  is  a  convenience  that  comes  near  to  being  a  necessity;  it  makes  high 
power  work  as  controllable  and  as  speedy  as  low;  it  turns  drudgery  and 
annoyance  into  a  pleasure;  any  one  who  ever  undertook  to  center  an  object 
by  giving  directions  to  an  assistant  at  the  microscope  must  know  its 
value.  If  an  object  is  out  of  the  field,  finding  it  is  hopeless  in  the  old  way; 
it  is  perhaps  enough  to  say  for  our  arrangement  that  it  enables  one 
person  to  do  quickly  and  exactly  what  otherwise  requires  two  at  a  cost  of 
much  time,  labor  and  patience.  The  downward  pull  on  the  stage  is 
counterbalanced  by  an  adjustable  brass  support  immediately  under  the 
controlling  heads  of  the  stage. 

MAGNIFICATION. 

The  linear  magnifications  possible  range  from  six  and  a  half  with 
the  70mm  objective  without  an  eyepiece  to  5,500  with  the  2mm  objective 
and  an  8  eyepiece.  The  following  table  shows  the  magnification  at  vary- 
ing lengths  of  the  camera  with  a  few  combinations.  They  were  deter- 
mined in  every  instance  by  measuring  on  the  ground  glass  the  projected 
image  of  a  stage  micrometer. 
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In  will  be  seen  by  an  inspection  of  the  table  that  about  35  diameters 
can  be  obtained  by  using  tlie  TOnim  lens  and  a  camera  extension  of  five 
and  a  half  feet,  or  hy  usin^  n  nr>miu  lens  and  a  4  projection  eyepiece  with  a 
camera  extension  of  about  2.S  inches,  or  by  usinj;  tlie  10mm  lens  and 
no  eyepiece  with  a  r*amora  extension  of  20  inches;  each  of  tliese  methods 
has  of  course  its  advantages.  an<l  disadvantages:  the  first  gives  a  wider 
field  than  the  last  and  a  dc*»pcr  focus.  Fig.  *  was  made  in  this  manner: 
with  the  16mm  Ions  and  no  eyepiece  only  so  mucli  of  the  same  object 
could  be  taken  as  lies  between  the  i>oints  a  and  b  in  F^ig.  X  The  advantage 
this  arrangement  lias  to  compensate  for  its  smaller  field  and  less  deep 
focus  is  its  greater  resolving  iK)wer:  this  principle  holds  whatever  the 
combinations  that  pnxluce  any  given  power. 

LEVELlXi;. 

The  tables  and  the  benches  must  all  be  exactly  leveleil;  this  is  easily 
done  by  means  of  a  spirit  level  and  the  adjustable  feet  on  which  they  all 
rt^t.    The  cooling  cell  and  condenser  nmst  also  be  level. 

THE  ILLUMINATION  OF  THE  OBJECT. 

(a)  Cknterino. 
It  is  necessary  that  all  parts  of  this  apparatus  be  most  carefully  cen- 
tered. There  are  several  good  ways  to  do  this.  One  is  to  place  in  every 
piece  of  the  optical  apparatus  a  pinhole  diaphragm,  which  may  be  cut 
from  black  cardboard  to  fit  each  separate  piece,  one  for  the  microscope  to 
be  substituted  for  the  eyepiece,  one  for  the  Al)l)e  and  the  field  diaphragm, 
unless  these  parts  are  already  provided  with  iris  dia])hragms,  in  which 
case  they  can  be  shut  to  a  pinhole:  one  for  the  biconvex  lens  and  one 
for  the  condenser.  The  instrument  is  sufficiently  centered  when  a  ray  of 
light  passes  through  this  series  of  holes  and  falls  on  the  center  of  the 
ground  glass,  when  the  camera  is  fully  extended:  these  diaphragms  should 
he  saved  so  that  proof  of  the  centering  can  at  any  time  be  quickly  made. 

(b)     The  Image  of  the  Light. 

In  order  to  make  a  good  photomicrograph  with  an  objective  of  8mm 

focal  length  or  less  the  image  of  the  light  should  be  thrown   into  the 

plane  of  the  object.     This  can,  the  books  say,  "with  no  great  diffleulty," 

be  effected  by  slipping  the  light  and  the  condensinir  lenses  back  and  forth 
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on  the  optical  bench;  it  would  be  safer  to  say  that  it  can  be  done;  when 
once  a  combination  has  been  effected  that  produces  this  result  the  exact 
position  of  every  optical  part  should  be  noted  carefully.  To  facilitate 
this  all  makers  of  photomicrographic  apparatus  would  do  well  to  mark 
a  scale  on  the  tables  or  on  the  carrying  rods  so  that  all  parts  can  be 
quickly  brought  into  exactly  the  same  relation  to  each  other  and  to  the 
object;  after  many  failures  and  much  loss  of  time  in  attempting  to  bring 
the  same  state  of  things  to  pass  that  had  been  previously  successful, 
we  had  such  scales  put  on  our  apparatus.  Any  arrangement  of  the 
optical  parts  will  produce  an  image  somewhere;  this  can  be  found  by 
carrying  a  piece  of  white  paper  back  and  forth  in  the  path  of  the  light 
until  the  image  of  the  light  is  found;  light  and  condensers  can  then  be 
removed  until  the  image  rests  in  the  plane  of  the  object  to  be  photo- 
graphed. In  order  to  have  an  equally  illuminated  field  it  is  a  good  thing 
to  have  the  size  of  the  equally  bright  part  of  the  image  somewhat  larger 
than  the  field  to  be  taken;  different  combinations  of  the  condensers  and 
different  positions  of  these  and  the  light  with  reference  to  the  object  will 
regulate  the  size.  In  work  with  low  powers,  16mm  and  upwards,  this 
image  should  fall  on  the  objective  instead  of  the  object.  If  the  beginner 
in  his  hurry  to  spoil  some  plates  is  satisfied  with  an  approximation  to  this 
state  of  things,  or  if  he  lights  up  and  proceeds  by  the  try  rule,  his  time 
will  be  lost  along  with  his  material. 

(c)    Thk  Size  of  the  Entebino  Cone  of  Light. 

Three  diaphragms  should  accompany  every  complete  apparatus:  One 
of  these,  the  field  diaphragm,  should  be  placed  near  the  double  convex 
lens,  and  if  possible  on  its  microscope  side.  This  must  always  be  used  in 
every  exposure;  a  second  is  at  the  focus  of  the  Abbe  nearest  the  source 
of  light,  and  neeil  not  be  used  when  it  is  swung  out;  a  third  is  brought 
on  immediately  under  the  object  and  is  consequently  open  and  not  in  use 
when  the  Abbe  is;  two  of  the  three  are  accordingly  required  in  every  ex- 
posure, namely,  the  field  diaphragm  and  the  one  before  or  the  one  behind 
the  Abbe. 

Only  a  careful  study  of  the  effect  on  the  ground  glass  will  avail  in  all 
cases  for  the  regulation  of  these  diaphragms.  However,  two  valuable 
rules  can  be  given:  If  the  Abbe  is  not  in  use  the  diaphragm  immediately 
under  tlie  object  must  be  so  closed  as  to  cut  off  all  but  the  field  to 
be  photographed;  if  the  Abbe  Is  being  used  its  diaphragm  must  in  general 
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be  large  enough  for  the  cone  of  light  entering  through  it  to  fill  one-third 
of  the  central  bright  portion  of  the  objective;  to  ascertain  whether  this 
is  so  or  not  one  looks  into  the  microscope  tube  when  the  eyepiece  is 
in  with  a  lens  such  as  is  often  used  for  focusing  on  the  ground  glass; 
this  must  be  done  with  every  objective  used  with  the  Abbe  and  the  exact 
point  to  which  the  diaphragm  is  opened  should  be  observed  on  its  gradu- 
ated scale  and  recorded;  if  this  is  not  done,  and  guesses  are  relied  on, 
hit  and  miss  (mostly  miss)  results  need  only  be  expected.  Too  wide  a 
diaphragm  will  drown  the  details  in  light;  too  small  a  diaphragm  will 
surround  all  details  with  diffraction  halos  that  will  gain  in  ugliness  as 
one  learns  them  better. 

(d)     Ray  Filters. 

The  various  colors  of  white  light  have  differing  values  for  optical  and 
photo-chemical  purposes;  they  do  not  focus  after  b^ing  refracted  at  the 
same  place.  When  the  apparatus  is  so  adjusted  that  tlie  red,  orange  and 
yellow  rays  which  mainly  affect  the  eye  are  in  average  focus  on  the 
ground  glass,  the  blue  and  violet  rays,  which  mainly  affect  the  sensitive 
plate,  will  be  in  focus  enough  nearer  the  object  to  spoil  the  picture. 
One  good  way  to  overcome  this  difllculty  is  to  use  a  color  screen,  which 
cuts  out  the  red  and  orange  rays  and  at  the  same  time  the  blue,  indigo  and 
violet  rays  at  the  other  end  of  the  spectrum,  leaving  the  yellow-green 
waves  of  approximately  the  same  wave-length  to  affect  both  the  eye  and 
the  plate;  without  this  precaution  a  good  photomitrograph  can  not  be 
made  with  daylight  or  the  electric  arc;  such  a  color  screen  is  best  produced 
by  placing  in  the  path  of  the  light  a  glass  trough  with  parallel  sides  and 
about  three-sixteenths  of  an  inch  thiclt,  filled  with  the  following  solution: 

160  grams  of  dry,  pure  copper  nitrate. 
14  grams  of  pure  chromic  acid. 
125  cc.  of  distilled  water. 

This  is  Zettnow's  filter.  We  have  found  great  advantage,  especially  in 
photographing  preparations  stained  with  saffrannin  or  fuchsine,  in  adding 
a  second  trough  filled  with  a  dilute  solution  of  Loefller*s  methylene  blue. 
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FOCUSING  ON  THE  GROUND  GLASS. 

Much  lias  lioeii  written  al»out  the  proper  focusing  of  the  object.  Our 
experience  lends  me  to  conclude  that  the  real  difficulty  has  always  been 
that  the  machinery  of  the  microscope  waa  not  sufficiently  accurate,  its 
parts  were  not  sutficicntly  firm  relatively,  the  microscope  itself  was  not 
sufficiently  supported  against  damaging;  strains  and  Jars,  and  its  fine 
adjustment  screw  was  not  sufficiently  fine;  we  need  nothing  but  a  fine 
jfn)und  glass  and  the  unaided  eye  for  correct  focusing:  a  plate  glass  and  a 
focusing  Ions  are  generally  reconimend«»d:  they  are  scarc*ely  a  help;  the 
difficulty  vanishes  with  such  stable  and  delicate  macliinery  as  puts  control 
entirely  in  the  hands  of  the  one  focusing. 

POSITION  OF  THE  SENSITIVE  PLATE. 

A  pure  scarecTow  of  the  lK>oks  is  the  oft  repeated  n*H'e»sity  of  having 
the  sensitive  plate  take  the  exact  place  of  the  ground  glass;  some  one 
must  have  concluded  that  a  want  of  coincidence  in  this  n^spect  spoiled 
his  plates,  and  otlier  essay  mongers  must  have  copied  the  conclusions. 
Doubtk*ss  he  and  they  liad  spoiled  plates,  but  the  cause  was  not  here; 
a  variation  of  a  <iuarter  of  an  inch  makes  a  perceptible  difference  in  mag- 
nification, but  not  in  siinrpncss.  and  nii  instrument  probably  ever  varied 
so  mucli  as  this. 

EXPOSUKE. 

Th(»  timt»  of  exi>osure  d(»pends  on  so  many  things  it  is  not  possible  to 
give  any  rules:  The  source  of  the  light,  its  intensity,  the  number  and 
character  of  the  condensers,  the  number  and  charactt^r  of  the  color 
screens,  the  width  of  the  diapliragms.  tlie  cliaracter  of  the  object,  the 
objective  and  eyepiece  use<i,  the  sensitiveness  of  tlio  plate,  and  the  fresh- 
ness and  strengtli  of  the  developer,  nil  mnterlnlly  nfTtvt  the  time.  Any 
one  can  find  out  the  time  necessary  by  a  few  trials  providt^d  he  under- 
stands development  and  Is  a  good  Judge  of  a  negative.  If  he  has  not  these 
accomplishments  lir  never  can  tell.  Some  kind  of  shutter  with  which 
to  accurately  measure  fractions  of  a  second  is  so  useful  as  almost  to  be 
necessary  in  getting  tlie  right  exposure:  placing  a  ground  glass  In  the 
path  of  the  light  near  its  source  will  multiply  the  time  of  exposure  some 
twentv-five  times  and  would  be  nei*essary  in  the  absence  of  a  shutter. 
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PLATES. 


It  should  |?o  without  saying,  perliaps,  that  plates  giving  correct  color 
values  should  generally  be  used.  We  have  used  Cramer's  isochromatic 
mediums  and  Carbutt's  orthoohromatic  nieiliunis  and  have  found  them 
satisfactory. 

CHEAP  APPARATUS. 

I  can  think  of  no  valid  plea  for  cheap  apparatus.  Some  men  with 
cheap  apparatus  can,  to  be  sure,  do  better  Avork  than  others  with  the 
costliest.  The  difference  does  not  lie  in  the  apparatus:  this  good  work  is. 
however,  done  at  an  outlay  in  time,  patience  and  material  that  renders 
It  so  costly  in  the  end  as  to  l>e  impracticable.  This  is  why  photomicrog- 
raphy has  not  been  more  used  in  the  past.  Makers  of  apparatus  are  care- 
ful to  advertise  **auy  microscope  stand  can  he  used."  This,  except  for 
low  power  work  of  the  simplest  character  and  second  grade  In  quality, 
is  a  delusion.  Internal  reflections  from  the  microscope  tube,  the  objective 
and  its  fastenings  injure  more  or  less  everything;  moreover,  the  trouble 
necessary  to  adjust  a  microscope  every  time  work  is  wanted  is  by  far 
the  costliest  part  of  the  work;  a  special  stand  with  a  large  tube  from 
the  walls  of  which  reflection  is  impossible  and  into  which  properly  con- 
structed objectives  can  be  screwed  without  a  graduating  series  of  collars, 
mounted  firmly  on  an  unshakable  foundation,  dedicated  to  this  one  use, 
always  ready,  quickly  capable  of  adjustment  for  any  practicable  powers, 
with  a  source  of  light  that  does  not  require  long-time  exposures,  immedi- 
ately adjacent  to  a  properly  eciuipped  dark  room,  is  not  only  the  cheapest 
arrangement;  it  Is  the  only  arrangement  that  will  for  any  considerable 
time  be  used  by  a  busy  man.  The  complete  apparatus  as  I  have  described 
it  should  be  supplemented  by  a  firm,  permanent,  upright  stand  for  copy- 
ing all  such  slides  as  will  not  permit  the  microscope  to  be  brought  to 
the  horizontal  position.  This  is  one  exception  to  my  general  proposition 
that  cheap  apparatus  is  too  expensive.  The  exception  is,  however,  only 
apparent,  for  this  is  as  good  an  arrangement  for  this  class  of  work  as 
It  w^lll  admit  of.  This  sort  of  camera  should  be  at  hand  in  every  labora- 
tory where  there  is  any  one  competent  to  use  it,  for  the  things  for  which 
it  is  necessary  can  neither  be  sent  away  nor  can  they  await  a  more 
favorable  hour  often.  Such  apparatus  in  convenient  form  has  been  ex- 
hibited and  described  before  this  Academy. 
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LIMITATIONS. 

Photography  has  its  limitations.  The  time  of  exposure  can  not  be 
accommodated  to  a  field  unequally  illuminated.  A  man  ten  feet  from  the 
camera  and  a  l)acl{ground  of  forest  and  hills  from  a  hundred  to  a  thousand 
feet  away  can  not  all  be  in  correct  focus  at  once.  Undesirable  and  imma- 
terial parts  of  the  field  will  be  taken  with  the  same  fidelity  as  the  parts 
wanted.  Photomicrography  shares  all  these  limitations.  With  skill  they 
can  be  reduced  to  a  minimum.  By  repeated  exposures  of  the  same  field 
all  parts  wanted  can  be  presented  in  correct  focus  and  together  in  their 
true  relationship.  Fig.  5  was  focused  for  the  centrosome  in  the  larger 
cell;  Fig.  6  for  the  centrosome  in  the  smaller  cell.  By  the  use  of  a  special 
stage,  objects  can  often  be  tilted  so  as  to  bring  related  points  into  the 
same  plane.  When  one  side  of  a  field  is  lighter  than  the  other  something 
can  be  done  by  stopping  the  development  at  proper  stages,  washing 
the  negative  off  and  developing  the  exposed  parts  by  a  local  application 
of  tlie  developer.  Immaterial  parts  can  be  cut  out  by  the  application  of  a 
reducing  agent  to  the  negative  or  the  positive,  or  by  matting  out  in  the 
process  of  printing.  Much  has  been  said  against  the  use  of  reduction, 
intensification,  retouching  or  even  spotting  oiit,  and  many  inartistic,  not 
to  say  ugly,  prints  have  been  made  that  might  easily  and  without  damage 
to  fidelity  have  been  made  tolerable,  if  not  beautiful.  By  the  adjustment 
of  the  light,  by  the  itind  of  light  used,  by  tlie  character  of  the  developer, 
by  the  intensity  of  development,  by  the  time  of  exposure  and  by  the 
quality  of  tlie  plate,  two  i)rint8  of  the  same  ol)ject  can  be  made  to  tell 
different  tales.  Photomicrography  is  not  a  means  of  compelling  men  to 
tell  the  truth;  no  such  means  has  ever  been  discovered;  the  usual  bounty 
for  veracity  is  still  to  be  had  at  the  old  stand.  Clumsily  practiced  it  tells 
notliing;  it  Is  reliable  wlien  tlie  photomicrographer  is  both  truthful  and 
capable.  There  is  no  more  reason  why  It  should  be  compelled  to  tell 
immaterial  stories  while  it  is  telling  material  ones  than  that  any  other 
witness  on  any  other  stand  sliould  be.  I  have,  notwithstanding  all  this, 
always  followed  the  rule  never  to  cut  out  or  reduce  anything  whatever 
from  the  material  portion  of  the  field.  I  have  often  hunted  for  hours 
to  find  a  section  free  from  defects  which  told  exactly  the  same  story 
that  another  one  told,  the  defects  of  which  I  could  have  removed  harm- 
lessly and  easily. 
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ADVANTAGES  OF  PHOTOMICROGRAPHY. 


One  great  advantage  of  photomicrography  is  that  it  leads  to  the  prep- 
aration of  better  microscopic  slides,  because,  in  part,  of  the  rule  that  does 
not  permit  the  negative  to  be  altered  in  its  material  parts;  in  part  also 
because  the  damaging  defect  can  not  always  be  removed.  Another  ad- 
vantage is  that  when  correctly  carried  out  it  can  tell  nothing  but  the  truth 
with  reference  to  the  parts  in  focus.  It  is  maintained  by  good  authority 
that  it  sometimes  reveals  things  not  visible  to  ordinary  vision.  I  have 
often  seen  things  in  photomicrographs  that  had  escaped  my  attention 
before,  but  always  when  I  came  to  observe  carefully  again  I  was  able 
to  see  them.  A  skillfully  prepared  photomicrograph  shows  details  more 
distinctly,  with  greater  conti*ast,  than  they  have  when  one  observes 
them  through  the  microscope;  I  see  no  reason  why  if  the  proper  conditions 
were  at  hand  it  may  not  reveal  details  beyond  the  reach  of  ordinary  micro- 
scopic vision.  A  sensitive  plate  is  not  blinded  by  light  or  tired  with  long 
looking.  Photomicrography  is  not  here  presented  as  a  remedy  for  all 
ilia;  drawings  have  certain  advantages;  but  every  one  can  not  draw,  and 
careful  drawings  require  much  more  time  than  photomicrdgraphy.  The 
best  of  both  is  had  when  the  details  of  photomicrography  are  supple- 
mented by  a  constructive  diagram  which  uites  all  in  one. 

In  science  teaching  photomicrography  fills  a  place  that  nothing  else 
can.  Few  people  comparatively  ever  use  the  microscope  to  any  educa- 
tional purpose;  probably  not  more  than  a  tenth  of  the  students  in  our 
colleges  and  universities  are  familiar  with  anything  more  than  Its  simplest 
revelations;  popular  courses  are  wante<l  in  and  out  of  the  colleges;  psy- 
chology, pedagogy,  child  study,  and  all  organic  studies  call  for  illustra- 
tions of  biological  laws  or  histological  relationships  which  concern  them; 
for  most  of  them  it  is  photomicrography  or  drawings  or  both  or  nothing; 
and  no  one  that  has  ever  tried  it  will  hesitate  for  a  moment  to  say  that 
the  photomicrography  must  not  be  left  out;  it  makes  things  real  in  a  way 
that  a  diagram  can  not;  it  helps  the  interest,  not  indeed  to  the  same 
extent  that  the  microscope  does,  but  to  something  like  the  same  extent 
that  the  microscope  would,  if  the  student  did  not  prepare  his  own  object 
and  If  all  the  students  could  see  the  same  thing  at  the  same  time  through 
it  and  have  the  view  explained  while  looking.  I  am  sure  that  the  histo- 
logical lantern  slide  is  with  us  to  stay,  and  that  the  histological  half-tone 
shortly  will  be. 
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KNOWLEDGE  OF  PHOTOGRAPHY. 

Any  oue  desiring  to  learn  how  to  make  good  photomicrographs  must 
procure  a  camera  and  learn  how  to  make  a  good  negative;  it  will  not 
do  for  him  to  press  the  button  and  let  some  one  else  do  the  rest;  he  can 
not  learn  wliat  a  good  negative  is  until  he  has  made  many  and  tested 
their  printing  qualities.  When  any  one  is  a  fair  Judge  of  the  sort  of 
lantern  slide  or  print  a  negative  will  make  he  can  then  make  a  good  one. 
and  when  he  can  at  morning  or  at  noon,  on  a  clear  or  a  cloudy  day  make 
a  landscape  negative  and  print  it  on  glass  or  paper  so  well  that  his  print 
compares  favorably  with  the  best  of  its  class  in  the  market,  he  may  begin 
to  experiment  at  photomicrography.  He  generally  begins  long  before  this 
and  always  produces  and  often  publishes  work  that  he  never  would  have 
published  could  he  have  known  what  others  were  doing.  Almost  every 
pliotomicrographer  has  thrown  away  crop  after  crop  of  negatives  which 
he  formerly  cherished  as  the  best  proiluciI)le.  At  this  stage  he  either 
quits  or  goes  into  a  thorough  study  of  the  principles  of  pliotography  on 
the  simplest  outdoor  work;  tlie  production  of  high-power  photomicrographs 
is  the  most  difficult  problem  in  photography  and  can  only  be  done  by  good 
photographers  wlio  have  had  mucli  experience  also  in  low  power  work. 

THE  OBJECT  TO  HE  PHOTOGRAPHED. 

The  pliotograpliy  of  diatoms  has  flourislied  as  a  scieutitic  fad  for 
years.  It  is  a  special  line  of  photography,  calling  for  special  illumination 
and  specially  prepared  objectives;  it  calls  for  resolution,  while  general 
histological  work  requires  penetration.  It  was  for  a  long  time  a  race 
with  instrument  makers  to  see  wliich  could  resolve  the  tinest  striations; 
diatoms  were  us(m1  for  test  objects  almost  exclusively.  It  was  gravely 
argued  tliat  a  microscope  that  was  good  for  diatoms  was  good  also  for 
other  things  in  like  proportion.  Oblique  illumination  and  blue  light  were 
praised  for  the  same  reason.  The  comfortless  purchaser  was  left  to 
reflect— having  resolved  a  pleurosigma  or  an  amphi])leura— how  few  of 
them  he  ever  cared  to  resolve,  and  that  blue  light  concealed  what  he 
wanted  to  see.  Every  one  easily  admits,  however,  now  that  a  diatom 
can  be  photographe<l:  and  since  the  publication  of  Koch*s  Bakterienkunde 
in  1880  and  IS(H)  it  has  ln'cn  granted  that  bacteria  can  be;  they  can  be 
made  to  lies  so  uniformly  in  one  plane.  Doubtless  it  will  always  remain 
true  that  some  things  <an  be  photographed  better  than  others,  and  that 


4:7 

a  good  preparation  is  to  be  preferred  for  this  purpose  to  a  poor  one,  tliat 
only  the  best  obtainable  is  to  be  pliotogra plied  at  all;  but  we  are  now 
in  a  position  to  photograph  any  object  better  than  it  is  possible  to  see  it 
by  any  single  focusing  of  the  microscope,  and  by  repeated  exposures  any 
object  can  be  photographed  as  well  as  it  can  be  seen,  so  that  all  at 
least  can  be  seen  in  the  pictures  that  can  be  in  the  object.  Fig.  7  is  an 
egg  from  the  ovary  of  a  cat;  the  section  is  so  thicli  that  tissue  cells  lying 
behind  it  can  l)e  seen  tlirough  it;  and  yet  all  is  clear.  It  goes  without 
saying  that  all  the  tignres  of  the  accompanying  plates  are  of  considerable 
thickness;  one  of  them.  Fig.  Hi.  is  an  unsectioned  blastula  of  Ascaris; 
the  cavity  within  is  scn^^n  tin-ough  a  cell  wliich  lies  above  it,  and  the  light 
that  illuminates  it  has  passed  tlirough  a  cell  that  lies  below,  and  yet 
the  bla8toci>ele  is  producwl  with  almost  diagramatic  clearness. 

WHAT  THE  NEXT  STEP  IN  PHOTOMICROGRAPHY  OUGHT  TO  BE. 

The  api)aratus  for  the  best  w'ork  in  photomicrography  is  very  ex- 
pensive and  always  will  be.  It  requires  and  always  will  require  an  expert 
knowledge  to  make  lantern  slides  and  prints  from  microscopic  prepara- 
tions that  an  investigator  can  not  afford  to  acquire  and  keep,  and  time 
that  he  could  ill  afford  to  spare.  Education  ought  not  to  lack,  it  must 
not,  will  not  lack  this  means  of  furthering  its  ends.  We  must  establish 
here  and  there  lal>oratories  of  photomicroscopy,  in  connection,  preferably, 
with  some  of  our  institutions  of  learning,  at  which  this  work  can  be  done 
for  a  considerable  number  of  institutions.  I^y  this  means  negatives 
would  accumulate  from  year  to  year  until  thousands  of  them  might  be 
at  the  comnnand  of  all;  the  cost  need  not  be  great  for  all  schools  to  possc*ss 
slides  of  their  own  from  this  collection,  or  slides  might  be  rented  at  a  very 
small  cost;  all  investigation  monograms  could  thus  be  illustrated  and 
teaching  everywhere  couhl  be  put  in  almost  immediate  touch  with  the 
latest  that  is  known,  and  nothing  else  so  vitalizes  tlie  work  of  the  clas.s- 
room.  as  every  one  knows  who  has  tried  it.  I  have  tried  to  get  slides 
fn>m  the  plates  used  in  works  that  had  been  published  and  copyrighted; 
I  have  never  been  able  to  do  so;  there  was  perhaps  no  means  by  which 
they  could  be  easily  made:  there  should  be  no  other  reason;  they  could 
only  be  used  for  teaching  imrposes;  when  one  has  harvested  all  the  honor 
and  money  that  can  come  from  his  publications  I  can  not  see  why  the 
good,  that  it  does  not  impoverish  him  to  part  with  should  not  be  shared. 
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A  scheme  of  this  kind  would  furnish  opportunity  for  friendly  comparlaon 
of  work  which  could  not  be  other  than  a  benefit.  A  half  dozen  such 
laboratories  could  do  the  work  for  the  whole  country;  these  could  be  affili- 
ated and  along  this  one  line  at  least  we  should  be  spared  the  wastefulness 
of  the  anarchy  of  independent  effort. 

COURSE  OF  STUDY. 

It  would  immediately  come  to  pass  in  connection  with  such  labora- 
tories that  courses  of  instruction  would  spring  up.  Such  courses  would  be 
elected  without  doubt  by  many  students  in  the  various  departments  of 
botany  and  zoology,  and  as  a  result  the  ability  to  do  good  work  would 
spread  with  tlie  demand  for  it.  One  year's  work  in  optics  with  special 
reference  to  photomicrography,  microscopy  and  projection,  one  year  in  the 
theoiy  and  practice  of  photography,  and  two  in  the  theory  and  practice  of 
photomicrography  would  fill  every  requisite,  whether  of  quantity  or 
quality,  from  the  beginning:  it  would  be  the  work  of  experience  to  select 
finall3'  what  is  just  the  best  for  such  a  course  out  of  very  much  that  Is 
certainly  good. 

I  have  seen  none  of  the  literature  of  photomicrography  of  value  except 
Xeuhaus's  **Lehrbuch  der  Microphotographie."  Dr.  Neuhaus  is  a  practic- 
ing physician  of  Berlin.  lie  has  given  us  a  work  of  such  excellence  that 
one  does  not  need  to  see  another;  it  contains  a  bibliography  that  probably 
leaves  out  little  that  has  l)een  written  that  is  worth  keeping.  It  should 
be  translated  into  English.  It  was  first  published  in  1800  and  a  second 
edition  was  called  for  in  1898.  It  is  tlie  first  German  work  that  has 
survived  into  a  second  edition. 


EXPLANATION  OF  PLATES. 

Except  where  otherwise  stated  the  following  figures  have  been  made  with  a 
2mm.  apochromatic  immersion  objective  and  a  4  projection  eyepiece  with  a 
camera  extention  of  37  inches  and  a  magnification  of  1,500.  The  slides,  except 
where  otherwise  mentioned,  were  prepared  by  Mr.  Elwood  Mendenhall  in  the 
Earlham  Biological  Laboratory.  The  ascaris  slides  were  stained  by  the  iron- 
haematoxylin  method.  The  material  was  fixed  in  Fleming's  chrom-osmium - 
acetic  fixative.  The  time  of  exposure  was  from  2  to  10  seconds.  Zettnow's  filter 
waa  used  in  each  case,  and  for  the  Lilinm  candidum  sections  which  were  stained 
with  saflfranin,  a  Methylene  blue  filter  in  addition.  No  ground  glass  was  used  in 
any  instance. 
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Pig.  5.    Ascaris  megalocephala,  tV  in  objeotiTe  and  4  projection  eyepiece ;  foouied  for 
centrofiome  in  larger  cell. 


Fig.  6.    Same  as  fig.  5,  except  it  is  focused  for  oentrosome  in  smaller  cell. 
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Fig.  7.    Effff  from  the  ovary  of  a  oat,  multiplied  1,500  times.    Slide  by  Mr.  Bertsoh. 


Fig.  8.    Sperm  cells  of  ascarii  multiplied  825  times.     4mm.  objective :  4  eyepiece. 


59 


Fig.  9.    The  8perm  cell  is  entering  the  egg  from  above:  org  nucleus  below  multiplied 

1,500  times. 


Pig.  10.    The  formation  of  the  first  polar  body;  sperra  nucleus  below.    Slide  by  Mr.  Irwin 
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Fig.  11.    The  mitotic  figure  is  complete. 


Pig.  12.    Chromosome!  of  the  equatorial  plate  seen  from  the  pole. 
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Fig.  13.    An  early  telophase  ;  two  oentrosomes  above ;  polar  bodies  outside  of  egg. 


Fig.  14.    A  somewhat  later  phase:  walls  beginning  to  contract  for  two-cell  stage. 
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Fig  15.    Two-cell  stage. 


Fig.  16.    BlMtula  of  aacaris,  multiplied  1,500  times.  The  specimen  is  not  sectioQed;  ice  text. 
f»-A.  OF  Soiivci. 
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Fig.  17     Pollen  mother  cell  of  Lillium  candidum  :  slide  by  Prof.  David  M.  Mottier, 
multiplied  1,500  times. 


Pig.  18.    L.  oandidam.    The  right-hand  cell  is  cut  at  nearly  right  angles  to  plane  of  Fig.  17. 
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Fiff.  19.    Onion  root:  the  oblique  mitotic  figure  accommodates  itself  to  the  confined 

cell  space. 


Fiff.  20.    Spinal  oord  of  embryo  pig,  multiplied  50  times;  QolRi  preparntion.    Slide  by 
Messrs.  Warfel  and  Marshall. 
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Fig.  21.    The  upper  left-hand  cell  of  fig.  20,  multiplied  200  times. 


Fig.  22.    The  Commissure  of  fig.  20,  multiplied  200  times. 
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TuE  Leonids  of  1900. 

By  John  A.  Miller. 

The  number  of  Leonids  observed  tliis  year  was  very  much  smaller 
than  was  anticipated.  Doubtless  many  escaped  notice  because  of  the 
bright  moonshine  and  cloudy  weather.  Still,  bearing  these  facts  in  mind, 
the  shower  was  very  disappointing.  The  totale  of  observations  tend  to 
confirm  Dr.  Johnstone  Stoney's  prediction  that,  owing  to  planetary  per- 
turbations, the  stream  bearing  these  meteors  would  not  come  nearer  the 
earth  this  year  than  one  and  a  half  million  miles. 

On  the  mornings  of  November  14th  and  15th  my  colleague,  Mr.  W.  A. 
Cogshall,  and  myself,  aide<l  by  our  students,  observed  these  meteors  in 
order  to  obtain  data  concerning— 

(a)  The  frequency  of  fall. 

(b)  The  radiant 

(c)  Duration  of  visibility;  and 

(d)  The  height  at  which  the  meteors  appeared  and  disappeared. 

On  both  mornings  the  sky  was  cloudy  until  three  o'clock,  and  parts 
of  it  were  overcast  even  after  that  time.  Hence  our  observations  for 
frequency  are  of  small  value.  However,  from  3:52  to  4:22  on  the  morning 
of  the  14th  our  observers  counted  thirteen  meteors.  These  came  from  the 
neighborhood  of  I^eo,  but  were  probably  nut  all  Leonids.  At  no  other 
*  time  were  meteors  so  frequent  as  then.  It  was  a  source  of  remark, 
however,  that  they  seemed  to  fall  in  groups  two  or  three.  That  is, 
when  one  appeared  one  or  two  others  followed  at  short  intervals. 

We  attempted  to  obtain  a  suthcient  number  of  trails  of  the  meteors, 
photographically,  to  determine  a  radiant,  but  were  unsuccessful.  Our 
visual  observations  for  the  same  purpose  were  more  fruitful.  On  the 
morning  of  the  14th  45  meteor  trails  were  platte<l;  13  of  these  were 
Lecmids.  On  the  morning  of  the  15tli  41  were  platted:  17  of  which 
were  Leonids.  The  radiant  obtained  from  these  pat  lis  was  at  the  point 
whose  right  ascension  is  149°  and  whose  declination  is  21**. 

A  Bergstrom  ehronoscope  was  employed  to  measure  tlie  duration  of 
visibility.  This  instrument  measures  time  accurately  to  the  thousandth 
of  a  second,  which  is  much  less  than  the  error  introduced  by  the  observer 

6— A.  OF  SCTKifCr. 
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in  pressing  the  telegraphic  key  which  registers  the  appearance  and  disap- 
pearance of  tlie  meteor.  The  averajre  of  the  results  obtained  for  the 
duration  of  visil)ility  is  0.6  second. 

In  order  to  secure  the  parallax  of  the  meteors  observations  were  made 
at  Bloomington  and  at  Bedford.  The  co-ordinates  of  these  stations  are. 
for  Bloomington,  longitude  86*»  32'  11",  latitude  39*  10';  for  Bedford, 
longitude  86°  39'  10",  latitude  38''  52'.  The  distance  (rectilinear)  between 
the  two  stations  is  33,052  meters,  equaling  20.13  miles. 

An  examination  of  our  charts  and  recorded  times  showed  that  of  all 
the  meteors  platted  only  one  had  been  observed  simultaneously  at  both 
stations. 

Using  the  method  of  Klinkerfues,  we  found  that  the  height  of  the 
meteor  at  the  time  of  npparition  was  143  miles,  and  its  height  at  the  time 
of  its  disappearance  was  64  miles. 


Mosquitoes  and  Malaria. 
By  Robert  Hesislsr. 

[Abstract.] 

riie  recently  <levt>loped  theory  that  mosquitoes  are  the  carriers  of 
malaria  troin  (nic  man  to  another,  whioli  is  based  on  the  definitely 
ascertained  cause  of  malaria,  is  a  question  of  considerable  importance  to 
inhalMtauts  (»f  niaiarial  districts,  such  as  we  have,  for  instance,  along  the 
Wabash  River. 

8j>eaking  of  Indiana,  especially  when  compared  with  former  times, 
it  may  be  said  that  malaria  has  lost  Its  terrors.  To  see  what  the  disease 
really  is  requires  a  visit  to  such  a  region  as  the  desolate  Roman  Cam- 
pagna,  or  to  the  Istlimus  of  Panama.  The  ravages  of  the  disease,  known 
about  Rome  as  Pontine  fever  and  at  Panama  as  Chagras  fever.  Is  some- 
thing terrible  to  contemplate. 

Popularly  it  is  generally  believed  that  the  drainage  of  wet  areas  and 
of  stagnant  waters  is  the  cause  for  the  great  diminution  in  the  number  of 
cases  and  of  its  severity  among  us. 

For  a  cause,  biologists  and  physicians  always  want  something  tangible 
—a  something  that  can  be  scon,  felt,  weighe<l  or  measured:  a  something 
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that  appeals  to  the  senses.  Many  persons  are  satisfied  with  a  very  simple 
explanation,  and  frequently  a  name  suffices.  The  term  ''malaria"  ety- 
mologically  means  "bad  air,"  and  was  applied  to  the  disease  in  olden 
times  when  bad  air  or  a  "miasm"  was  supposed  to  cause  it. 

Now  what  is  malaria?  we  may  ask.  What  is  its  cause?  How  does  it 
get  into  the  body? 

Diseases  due  to  a  specific  cause,  to  a  living  organism,  spread  about 
over  the  face  of  the  earth  just  as  we  see  animals  and  plants  spread. 
Many  with  originally  restricted  habitats  have  in  the  course  of  time 
attained  a  world-wide  distribution.  Some  diseases,  natives  of  warm 
climates,  periodically  leave  their  natural  boundaries,  as  yellow  fever  or 
cholera,  flourish  for  a  short  time  and  then  disappear  utterly.  If  a  new 
disease  appears  in  a  country  and  the  conditions  for  its  existence  are 
favorable,  then  the  disease  remains  and  is  called  endemic.  The  cold  of 
our  winters  has  a  destructive  effect  on  many  diseases  and  a  retarding 
influence  on  others.  Some  flourish  only  during  the  warm  mouths  of  the 
year. 

The  date  when  a  new  disease  first  appeared  in  a  cfjuntry,  or  rather 
an  old  disease  in  a  new  country,  is  accurately  known  in  many  instances, 
and  the  gradual  spread  after  its  introduction  has  been  carefully  followed 
in  some  cases.  Leprosy,  for  instance,  now  so  common  in  the  Sandwich 
Islands,  was  brought  in  by  the  Chinese  in  1840. 

Malarial  fever  had  a  restricted  habitat  in  former  times  and  has  gradu- 
ally spread  and  still  does  spread  to  places  where  it  had  never  been  seen 
before.  Its  appearance  and  spread  in  the  Island  of  Mauritius  in  compara- 
tively recent  years  was  attended  with  a  frightful  loss  of  life.  It  was 
brought  into  the  island  in  1806  by  some  sick  sailors,  and  an  epidemic 
followed;  in  the  year  18(h,  32.00()  out  of  a  population  of  310,000  died  of 
malaria.  In  some  of  the  lowly  situated  districts  more  than  one-fifth  of 
the  population  perished  from  fever  alone. 

The  original  home  of  malaria  is  unknown.  Many  of  the  islands  of 
the  sea  are  still  free  from  it.  All  other  conditions  may  be  favorable,  but 
unless  the  active  cause  is  introduced  the  disease  never  appears  in  a 
country  where  it  had  never  been  known  to  occur. 

It  Is  now  about  twenty  years  since  Laveran,  a  Freneii  military  sur- 
geon, then  stationed  in  Algiers,  discovered  and  first  (lescril»ed  the  active 
cause  of  malaria.  This  discovery  has  been  verified  again  and  airaln 
and  Is  now  universally  recognized  as  the  cause.     It  is  a  minute  foim 


76 

of  life  belonging  U)  th*'  spurozua  and  is  most  commonly  knowu  under 
the  name  of  Plasmodium  malariae.  To  detect  this  parasite  in  the  blood 
is  the  crucial  test  for  malarial  fever  in  these  days  of  laboratory  methods 
of  investigating  and  diagnosing  diseases;  once  found,  the  application  of 
the  remedy  for  the  disease  is  clearly  Indicated— this  is  quinine  or  one 
of  tlie  alkaloids  of  the  cinchona  group.  Quinine  is  a  protoplasmic  poison 
to  the  malarial  parasite. 

The  Plasmodium  malariae  lives  in  and  at  the  expense  of  the  red 
blood  corpuscles  of  human  beings  afflicted  with  the  disease.  It  appears 
first  as  a  minute  speck  in  the  corpuscles,  gradually  enlarges,  and  about 
the  time  the  cell  is  consumed  it  undergoes  a  segmentation,  each  segment 
being  a  new  and  independent  l)eing  which  at  once  seeks  a  new  host,  a 
fresli  corpuscle.  Segmentation  keeps  up  the  species  in  the  body  of 
the  host. 

Under  suitable  con<litions  a  higher  <levelopment  of  the  parasite  can 
be  seen.  It  is  a  pnx'ess  of  differentiation  into  gametes,  or  males  and 
females,  and  the  resulting  offspring  are  concerned  in  the  transmission 
of  the  species,  and  of  the  disease,  l>e  it  noted,  into  a  new  host. 

The  role  of  tlie  mosquito  in  carrying  the  disease  from  one  person  to 
another  lias  been  worked  out  during  tlie  past  two  years.  The  prevailing 
view  of  how  this  is  done  may  be  outlined  in  this  wise:  When  the 
Anophcl»^s  mosquito  bites  a  human  being  afflicted  with  malaria,  the 
parasites  in  tlie  blood  are  taken  into  the  insect's  stomach  and  here  and 
in  the  intestines  tliey  undergo  a  certain  cycle  of  existence,  or  evolution, 
lasting  about  a  week  or  ten  days,  and  si>orozoids— corresponding  to  the 
eggs  of  higher  animals  or  to  the  seeds  of  plants— are  formed,  and  these 
get  into  the  salivary  gland,  and  when  the  mosquito  bites  ag&in  they  are, 
along  with  the  saliva,  injected  into  the  wound.  Once  in  the  human  system 
tliese  sporozoa  seek  and  occupy  tlie  red  blood  corpuscles;  gradually  they 
increase  in  numbors  by  sporulation.  and  in  tlie  couree  of  a  few  days,  or 
after  one  or  more  weeks,  evidence  of  malaria  manifests  itself.  In  this 
way  malaria  is  transmitted  to  a  new  individual. 

The  life  history,  or  the  development  of  the  parasite,  can  be  followed: 

First.  In  the  blood  of  a  malaria  fever  patient  by  taking  a  drop  of 
the  blood  at  variable  intervals  and  examining  it  under  a  high  power  of 
magnification.    This  will  show  the  sporulating  generation. 

Second.  In  blood  kept  for  some  time  under  suitable  conditions- 
warmth  and  loss  of  fluid  by  evaporation— under  the  microscope. 
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Third.  In  the  organs,  notably  the  spleen,  of  persons  dying  from 
malaria. 

Fourth.  In  the  bodies  of  mosquitoes  after  feeding  on  the  blood  of  a 
malarial  fever  patient,  the  insects  being  kept  at  a  summer  heat. 

With  the  cause  definitely  recognized,  malarial  fever  may  be  defined 
in  this  wise: 

**A  specific  infectious  disease  depending  upon  the  presence  in  the 
blood  of  one  or  more  of  several  species  of  closely  allied  parasites  (Haemo- 
sporldia),  which  develop  within,  and  at  the  expense  of,  the  red  blood 
corpuscle  of  the  infected  individual,  resulting,  according  to  the  species 
and  number  of  the  parasites  present,  in  more  or  less  periodic  febrile 
paroxysms  or  in  continued  fever." 

We  may  now  ask:  How  does  this  active  cause  get  into  the  body? 
Or,  in  other  words:    How  do  we  catch  malaria V 

When  the  mosquito  theory  was  first  announced  it  was  thought  that 
any  and  all  mosquitoes  could  transmit  the  disease.  It  lias  since  been 
found  that  there  is  only  one  genus  which  is  now  universally  suspected. 

There  are  about  250  species  of  mosquitoes  described,  and  of  this 
number  about  30  have  been  found  in  the  United  States.  The  genus  to 
which  the  malaria  carrying  mosquito  belongs  is  that  of  Anopheles;  it 
may  be  recognized  by  its  spotted  wings  and  the  peculiar  position  of  the 
body  when  at  rest— the  body  axis  projecting  away  from  the  place  of 
support,  as  a  wall.  Our  common  mosquito  belongs  to  the  genus  Culex 
and  is  considered  harmless:  it  has  no  spots  on  the  wings  and  the  body 
axis  at  rest  is  parallel  to  the  wall.  Anopheles  is  an  inhabitant  of  the 
country.     Culex  lives  in  the  city  as  well  as  in  the  country. 

Mosquitoes  normally  live  on  the  juices  of  plants;  the  sucking  of  blood 
is  an  acquired  habit.  The  females  alone  suck  blood,  the  mouth-parts 
of  the  males  are  not  adapted  for  it.  They  seem  to  survive  our  winters; 
they  are  often  to  be  seen  during  warm  days  in  the  midwinter  months. 
In  the  spring  the  few  survivors  are  ready  to  repopulate  all  the  country 
around— and  at  the  same  time  spread  malaria.  Witli  us  malaria  is  essen- 
tially a  disease  of  warm  weather. 

There  are  two  chief  methods  by  which  the  subject  can  be  studied: 

First.  To  search  for  Anopheles  in  its  usual  habitat  and  then  for  the 
malarial  fever.    Or, 

Second.    To  find  the  malarial  fever  and  then  look  for  Anopheles. 
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The  blood  of  man  upon  which  the  mosquito  has  been  feeding  can 
readily  be  studied  in  thin  sections  of  the  insect  properly  stained.  In  some 
of  the  slides  which  I  will  pass  around,  the  distended  stomach,  filled  with 
blood,  can  be  easily  distinguished;  under  a  high  magnification  any  Plas- 
modium malariae  in  the  corpuscles  can  be  seen. 

From  the  preceding  remarks  it  will  be  seen  that  three  chief  factors  are 
involved  in  this  question: 

1.  The  fever-stricken  human  being,  or,  the  disease  in  the  body,  or, 
in  other  words,  the  reaction  brought  about  by  the  presence  of  the  active 
cause. 

2.  The  cause  itself,  the  Plasmodium  malariae. 

3.  The  transmitting  agent,  carrying  the  active  cause  from  one  in- 
fected human  being  to  others.    This  is  the  Anopheles  mosquito. 

Now  what  is  to  be  said  on  the  application  of  all  these  discovered 
facts?  Most  of  us,  unless  we  see  a  well  defined  application  for  newly 
discovered  facts,  are  not  inclined  to  attach  any  great  importance  to 
such  discoveries,  and,  on  the  other  hand,  the  more  directly  we  are  con- 
cerned the  greater  the  value  to  us.  In  the  field  of  medicine  the  value  of  a 
discovery  is  estimated  in  the  light  of  the  relief  it  gives  mankind  from 
disease  and  affliction. 

How  best  to  apply  this  new  knowledge  in  reducing  the  ravages  of 
malaria  and  in  banishing  it  from  the  face  of  the  earth  is  a  question  on 
which  opinions  differ.  By  some  it  is  held  that  the  best  method  of  pro- 
cedure is  to  destroy  all  the  mosquitoes,  and  thus  prevent  the  transmission 
from  one  individual  to  others.  It  is  claimed  by  advocates  of  this  class 
that  the  malarial  parasite  may  not  live  exclusively  in  man,  but  might 
be  inoculated  from  lower  animals.  On  the  other  extreme  are  men  who 
aim  to  exterminate  malaria  by  exterminating  the  malaria  germ  itself, 
by  properly  diagnosing  all  malaria  cases  and  administering  sufficient 
quinine;  by  isolating  all  such  patients  and  protecting  them  from  mosquito 
bites.  They  blame  the  mosquito  less  than  the  Infected  blood  upon  which 
the  insect  feeds.  It  would  be  impossible,  they  argue,  to  get  rid  of  all 
the  mosquitoes  in  any  community,  much  less  of  those  in  the  whole  world. 
Their  reliance  is  quinine  and  screens. 

Besides  these  extreme  views  there  is  what  may  be  called  a  com- 
promise, that  is:  To  reduce  the  number  of  breeding  places  of  the  mosquito 
to  a  minimum,  by  drainage  and  drying  up  all  wet  places  and  pools  of 
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stagnant  water;  by  isolating  the  sick  and  protecting  them  from  the  bites 
and  by  the  administration  of  quinine.  With  the  breeding,  places  reduced 
and  the  sick  isolated  there  will  be  a  constantly  diminishing  number  of 
malarial  fever  cases. 

A  number  of  experiments  have  already  been  made  along  these  lines. 
Former  efforts,  as  those  of  the  Italian  government  in  planting  Eucalyptus 
trees,  have  been  futile  because  founded  on  imperfect  data.  Of  the 
Eucalyptus  it  should,  however,  be  said  that  it  does  have  a  slight  influence, 
the  leaves  containing  a  volatile  oil  offensive  to  the  mosquito,  and  on 
this  account  they  do  play  a  slight  part  in  lessening  the  ravages  of  the 
disease  among  those  living  in  a  grove  of  the  trees.* 

Quite  different  are  the  results  of  experiments  made  this  year.  Prom 
the  Eucalytus  theory  of  a  generation  ago  to  the  mosquito  theory  of  to-day 
is  a  step  far  in  advance,  and  results  based  thereon  are  equally  significant. 

The  Italian  railways— with  their  lonely  stations  in  the  plains  and 
vaUeys— were  the  first  to  take  advantage  of  the  new  theory  in  adopting 
prophylactic  measures  against  mosquito  infection  of  malaria  by  protecting 
their  buildings  and  those  occupied  by  their  workmen  by  mosquito  netting. 
The  tests  have  been  regarded  as  conclusive.  Of  104  railway  employes 
protected  from  mosquito  infection  not  one  contracted  the  disease.  On 
the  other  hand,  out  of  359  persons  not  thus  protected  but  otherwise 
living  under  similar  conditions,  only  seven  or  eight  escaped  the  fever. 

A  more  elaborate  test  was  made  at  Paestum,  in  a  fearfully  infected 
region  to  the  southeast  of  Naples.  The  houses  had  wire  screens  over 
every  opening— doors,  windows,  chimneys,  etc.,  and  persons  going  in  and 
out  after  dusk  were  obliged  to  wear  veils  and  closely  woven,  thick  gloves. 
One  hundred  three  persons  were  thus  protected  and  of  this  number  only 
three  showed  symptoms  of  malarial  infection.  The  diflSculty  of  inducing 
ignorant  persons  to  fully  comply  with  directions  for  protecting  themselves 
accounts  for  the  exceptions.  No  quinine  was  used  by  the  party.  Out 
of  the  population  of  307  souls  living  in  that  region  and  not  protected,  all 
but  five  contracted  malaria— these  five  being  sons  of  the  soil  who  seem 
to  have  been  immune  to  a  considerable  extent.  Where  the  protected  party 
took  no  quinine,  the  exposed  persons,  on  the  other  hand,  during  the  same 
period,  took  six  pounds. 


*Tlie  ip^cimeni  of  Eacalyptui  here  shown  are,  one  from  Battipaglia,  north  of  Paestum , 
in  a  terribly  devastated  region  of  Italy ;  the  other  from  the  Roman  Campagna  above  the 
Calliitai  OAtacombs. 
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It  is  now  proposed  to  Isoidte  au  fever  patients  in  the  malarial  districts 
and  to  protect  the  dwellings  by  screens— a  tremendous  undertaking  with 
an  area  of  20,000  square  miles  and  with  a  population,  much  of  it  very 
ignorant,  of  2,500,000. 

CHANGES  IN  INDIANA. 

In  regard  to  the  changed  condition  in  Indiana— the  former  prevalence 
of  malaria,  especially  in  the  Wabash  bottoms,  even  only  two  or  three 
decades  ago,  and  its  comparative  rarity  at  the  present  time:  It  seems 
to  me  that  the  explanation  is  to  be  sought  chiefly  in  the  fact  that  proper 
medication,  the  taking  of  suflScIent  quinine,  is  resorted  to  promptly  now- 
adays, resulting  in  the  rapid  disappearance  of  the  disease,  or  disease 
symptoms,  in  the  afllicted  individual,  and  thus  keeping  the  number  of 
foci  from  which  the  disease  could  be  disseminated  at  a  minimum,  and  at 
the  same  time  shortening  the  period  of  existence  of  such  foci,  or,  in  other 
words:  The  fewer  individuals  there  are  in  any  neighborhood  the  less 
the  liability  for  the  healthy  to  contract  the  disease. 

In  former  times  quinine  was  a  very  costly  remedy,  used  as  a  last 
resort  and  usually  in  insufficient  doses;  to-day  quinine  is  very  cheap  and 
by  many  used  for  any  suspicious  malarial  symptoms. 

Then,  too,  mosquitoes  were,  no  doubt,  more  abundant  in  former  times 
than  at  present,  owing  to  the  greater  number  of  wet  places  where  the 
animals  could  breed;  stagnant  water  being  one  of  the  essentials  In  the 
life  history  of  the  insect.  Drainage  is  restricting  such  breeding  places 
more  and  more,  thus  indirectly  reducing  tlie  number  of  mosquitoes. 
Now  that  the  proper  relationship  of  malaria  to  swamps  and  pools  is 
known,  it  becomes  a  comparatively  easy  matter  to  still  further  diminish 
the  progeny  of  the  "skeeters"  still  among  us.  The  simplest  method, 
except  drying  up  wet  places,  is  to  spread  a  film  of  oil  over  all  bodies 
of  stagnant  water— the  larvae  as  they  come  to  the  surface  to  breathe 
get  the  oil  in  the  respiratory  system  and  quickly  perish.  The  necessity  of 
isolating  and  properly  protecting  all  malarial  fever  cases  is  self-evident. 

SUMMARY  AND  CONCLUSIONS. 

Malaria  is  a  disease  which  once  had  a  restricted  distribution,  but 
which  in  the  course  of  time  has  been  distributed  over  the  face  of  the 
earth;  it  IS  most  common  in  warm  climes;  It  Is  due  to  a  specific  cause. 
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the  Plasmodium  malariae,  a  minute  organism  living  in  and  destroying 
the  red  blood  corpuscles.  The  parasites  are  transmitted  from  one  person 
to  another  by  the  mosquito.  A  certain  cycle  of  the  life  history  of  the 
malarial  parasite  takes  place  within  the  body  of  the  mosquito  and  the 
spores  are  injected  from  the  salivary  glands  into  and  under  the  skin  in 
biting. 

Certain  species  of  mosquitoes  are  the  carriers  to  and  fro  of  the  infect- 
ing organisms.  They  may  in  a  general  way  be  recognized  by  their  spotted 
wings  and  by  their  peculiar  position  when  at  rest. 

The  prevalence  of  malaria  can  be  diminished  by  guarding  against 
mosquito  bites;  by  isolating  malarial  fever  patients,  giving  them  sufficient 
quinine  and  protecting  them  from  being  bitten;  by  reducing  the  number 
of  breeding  places  of  the  mosquitoes  by  drainage. 

Individual  prophylaxis  is  best  attained  by  avoiding  the  bite  of  the 
mosquito. 


A  Shell  Gorget  Found  Near  Spiceland,  Indiana. 
By  Joseph  Moore. 

All  I  propose  to  do  in  this  brief  paper  is  to  give  a  history  of  the  object 
represented  by  the  accompanying  photograph,  leaving  it  for  others  to  tell 
the  meaning  of  the  engraved  design  and  also  its  relation  to  other  speci- 
mens of  prehistoric  art.  About  half  a  mile  north  of  Spiceland,  Henry 
County,  while  some  men  were  loading  gravel  and  sand,  they  came  to  some 
graves  from  which  were  taken  two  or  three  badly  decayed  human  skele- 
tons, the  skull  of  a  groundhog  and  the  gorget  which  is  the  subject  of  this 
report.  One  of  the  human  skulls  is  well  preserved  and  the  other  suffi- 
ciently so  to  indicate  its  character.  They  represent  rather  a  fine  type  of 
head. 

The  photograph  herewith  presented  is  very  nearly  one-half  the  size 
of  the  original,  which  is  in  length  five  and  three-fourths  inches.  The 
greatest  breadth  toward  the  wider  end  is  three  and  one-eighth  inches, 
and  that  of  the  narrower  end  is  two  and  one-half  inches. 
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It  has  been  wrought  by  dressing  off  the  borders  of  a  very  large  speci- 
men of  fresh  water  mussel,  a  species  of  Unio.  It  is  evident  both  from  the 
incompleteness  of  the  original  tracing  on  its  concave  surface  and  from 
the  natural  form  of  that  species  of  shell  that  one-fourth,  more  or  less,  of 
the  entire  length  of  the  original  ornament  has  been  broken  off  while  yet  in 
use,  and  the  broken  edge  dressed  to  improve  its  appearance. 


There  are  four  perforations.  As  to  the  design,  it  has  been  engraved  by 
a  steady  hand,  and  the  fine  grooves  afterwards  neatly  stained  with  dark 
paint. 

The  photograph  would  probably  represent  the  original  somewhat  more 
perfectly  had  not  the  finder  varnished  it,  supposing  it  would  otherwise 
be  likely  to  crumble,  as  did  the  larger  part  of  the  two  skeletons.  It  was, 
however,  well  preserved. 

Professor  Holmes  of  the  Smithsonian  Institute  and  Professor  Warren 
K.  Moorehead  both  regard  it  as  an  interesting  find,  and  one  or  both  of  them 
will  probably  tell  us  more  about  what  it  is  supposed  to  mean.  So  far  as 
I  have  yet  been  able  to  learn,  inscriptions  on  shell  are  more  common 
further  south,  say  in  Tennessee  and  the  Gulf  States,  than  in  the  latitude 
of  central  Indiana. 

This  design  la  in  some  respects  allied  to  what  may  occasionally  be 
found  among  the  ruins  of  Central  America,  Judging  from  pictures  ob- 
served in  archeological  reports. 

I  am  indebted  to  David  Ncwby  of  Spiceland  for  the  specimen  and  to 
Professor  Collins  of  TOarlham  for  the  photograph. 


A  Harbor  at  the  South  End  of  Lake  Michigan. 
By  J.  L.  Campbell. 

The  northern  boundary  intended  for  Indiana  by  the  act  of  Congress, 
July  13,  1787,  and  also  the  boundary  designated  in  the  act  introduced  De- 
cember 27,  1815,  by  Mr.  Jennings,  the  territorial  delegate  for  the  admission 
of  Indiana  as  a  State,  was  an  east  and  west  line  through  the  southern 
extreme  of  Lake  Michigan. 

But  an  amendment  to  the  original  bill  was  adopted  removing  this 
boundary  line  ten  miles  to  the  north,  and  in  this  form  the  act  was  passed 
April  19,  1816. 

This  ten-mile  line  was  marl^ed  on  the  early  maps  of  the  State,  and  has 
been  the  subject  of  curious  Inquiry  by  many  who  are  ignorant  of  this  item 
of  State  history. 

By  this  amendment  there  was  added  to  the  territory  of  the  State 
nearly  one-half  of  the  present  counties  of  Steuben,  Lagrange,  Elkhart, 
St.  Joseph  and  Laporte. 

By  the  original  line  the  State  would  have  been  cut  off  entirely  from 
the  great  northern  chain  of  lakes,  and  Michigan  and  IlUnois  would  have 
c<Nmered  at  the  extreme  southern  limit  of  the  lake. 

The  ten-mile  strip  gives  to  the  State  a  lake  front  of  forty  miles  between 
Michigan  and  Illinois,  and  makes  Lake,  Porter  and  Laporte  counties  parts 
of  the  border  of  our  great  inland  sea. 

I  do  not  know  who  deserves  the  honor  of  securing  the  ten-mile  strip, 
but  I  would  be  glad  to  erect  two  monuments  to  his  memory,  one  where 
our  shore  line  touches  Illinois  and  the  other  to  mark  the  line  between  this 
State  and  Michigan. 

From  the  period  of  the  admission  of  the  State  in  1816  until  the  present 
our  wisest  statesmen  and  best  engineers  have  manifested  great  interest 
in  the  improvement  of  our  lake  front. 

Michigan  City  was  laid  out  in.  1831.  and  in  1836  Congress  made  an 
appropriation  of  $20,000  for  the  beginning  of  a  harbor  at  that  place. 

The  site  is  a  good  one— the  growth  of  the  city  has  been  satisfactory, 
a  fair  degree  of  liberality  has  been  shown  by  the  general  government  for 
the  harbor,  and  the  results  prove  that  the  expenditures  have  been  wise. 

It  merits  and  should  continue  to  receive  the  most  generous  support. 
But  the  new  conditions  around  the  head  of  Lake  Michigan  require  im- 
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provements  and  advantages  on  a  much  greater  scale  than  the  continued 
support  of  a  single  harbor. 

The  village  of  1830  at  the  mouth  of  Chicago  River  has  become  the 
second  city  of  importance  in  the  United  States. 

Its  traffic  by  rail  and  water  has  become  so  great  that  relief  and  en- 
largement are  most  pressing,  and  these  must  be  provided  along  the 
Indiana  lake  front. 

The  shore  line  along  the  lake  is  made  up  of  loam  and  sand,  which, 
although  not  the  best  material  for  harbor  building,  are  of  comparatively 
easy  manipulation. 

With  other  sites  for  a  new  harbor  I  ask  attention  anew  to  the  mouth 
of  the  Calumet  River,  and  particularly  to  the  feasibility  of  using  the 
strip  of  low  land  or  lakelet  east  of  the  river  and  extending  possibly  into 
Porter  County. 

Between  the  sand  hills  or  ridges,  which  are  shown  on  the  government 
survey,  and  the  nearest  railway  line  there  is  a  strip  of  marsh  land  called, 
on  the  old  maps.  Long  Lake. 

If  on  examination  it  should  be  found  practicable  to  dredge  out  this 
lake  to  the  proper  depth  and  connect  it  with  the  mouth  of  the  Calumet 
the  desired  harbor  would  be  easily  constructed. 

This  site  is  specially  commended  on  account  of  the  protection  afforded 
by  the  sand  ridges  on  the  north,  thereby  making  it  a  haven  as  well  as  a 
harbor,  and  because  it  would  interfere  least  with  the  railways  along  the 
lake  shore. 

The  commercial  advantages  to  the  State  are  of  the  greatest  import- 
ance. 

All  the  railways  ninning  southeast  and  east  from  Chicago  would  use 
this  new  port  for  transfers  between  rail  and  water— and  possibly  also 
between  railways  west  and  north  of  Chicago  on  account  of  less  expensive 
terminal  facilities— so  that  the  co-operation  and  support  of  the  great  rail- 
way interests  would  be  secured.  * 

Here  would  be  the  point  of  minimum  cost  between  the  Lake  Superior 
iron  ores  and  the  block  coal  of  central  Indiana  and  the  greatest  stimulus 
offered  to  the  development  of  all  kinds  of  manufacturing  industries. 

The  cheapening  of  transportation  for  oolitic  limestone  would  be  no 
small  factor  in  favor  of  this  new  outlet. 
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Uanimond  and  other  tiourishiDg  cities  in  tlie  nortliwest  part  of  the 
State  would  experience  the  most  direct  benefits  by  the  increase  of  business 
and  manufacturing  facilities  and  consequent  increase  in  population. 

The  proposition  is  worth  at  least  a  passinjr  thouKlit  and  is  conimend»^<l 
to  the  State  and  general  governnionts  for  furth*»r  consideration. 


Some  Propertie.s  of  the  Symmedian  Point. 

By  Robert  J.  A  ley. 

Monsieur  Emile  Lemoine,  at  the  Lyons  meeting  of  tlie  French  Associ- 
ation for  the  advancement  of  tlie  Sciences  in  1873,  called  attention  to 
a  particular  point  within  tlic  triangle,  which  he  railed  tlie  center  of  ajiti- 
parallel  medians.  Since  that  time  a  number  of  mathematicians  have 
studied  the  point  and  have  discovered  many  of  its  properties.  The  point 
is  such  an  interesting  one  that  a  brief  collection  of  its  more  striking 
properties  may  he  of  some  value.    No  claim  is  made  to  completeness. 

DEFINITIONS  OF  THE   POINP. 

1.  The  i)oint  of  concurrency  of  the  bisectors  of  all  lines  antiparallel 
to  the  sides  of  the  triangle. 

2.  The  point  of  concurrency  of  the  lines  isogonal  conjugate  to  the 
medians  of  the  triangle;  that  is,  the  point  of  concurrency  of  the  sym- 
medians  of  the  triangle. 

3.  The  point  within  the  triangle,  the  sum  of  the  squares  of  whose 
distances  from  the  three  sides  is  the  least  possible. 

4.  The  point  within  the  triangle,  whose  distances  from  the  sides  is 
directly  proportional  to  the  sides. 

NAMES  OF  THE  POINT. 

1.  Center  of  antiparallel  medians,  proposal  by  Monsieur  Emile  Le- 
moine. 

2.  Symmedian  point  (sym^diane,  from  sym^trique  de  la  mMiane), 
proposed  by  Monsieur  Maurice  d'Ocagne.  The  Engish  form  "symmedian" 
was  suggested  by  Mr.  R.  Tucker  in  1884. 
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3.  Minimum  pomt,  suggested  by  Dr.  B.  W.  Grebe. 

4.  Grebe's  point,  proposed  by  Dr.  A.  Emmerich. 

5.  Lemolne*s  point,  proposed  by  Professor  J.  Neuberg. 

METHODS  OF  CONSTRUCTING  THE  POINT. 

1.  Draw  the  medians  AMa,  BMb  of  the  triangle  ABC.  Then  draw  AK\, 
BK^'by  malting  the  same  angle  with  the  bisectors  of  angles  A  and  B,  respectively, 
as  are  made  by  AM.  and  BMb.  The  intersection  of  AK^a,  BE'^b  is  K,  the  sym- 
median  point. 

2.  Draw  antiparallels  to  BC  and  CA.  Join  A  and  B,  respectively,  to  the 
midpoints  of  these  antiparallels,  and  the  intersection  of  these  joining  lines  is  K, 
the  sym median  point.  * 

3.  To  the  circumcircle  of  the  triangle  draw  tangents  at  B,  C  and  A,  and  let 
these  intersect  in  X,  Y,  Z,  respectively.  Then  AX,  BY,  CZ  concur  at  K,  the 
symmedian  point. 

SOME  PROPERTIES  OF  THE  POINT. 

1.  K  is  the  point  isogonal  conjugate  to  0,  the  centroid. 

2.  If  Ka,  Kb,  Kc  are  the  feet  of  the  perpendiculars  from  K  to  the  three  sides 
respectively,  then 

KK  -— lAiL_l 
^"^'-a^+b^-fc*. 

KKb  =   ,  ?^\    o    )•  Where  A,  is  the  area  of  the  triangle 
a*  -j-  o''  -}-  c*. 

ABC,  and  a,  b,  c  are  three  sides  of 
2  /\  c 
KKc  —  «2  _i_  k2   1     2    I       ^^®  same  triangle. 


.  a- 


s 


3.     Area  of  A  BKC  = -,  ^=^-j-^ 


Areaof  A  CKA  = 


a«  +  b3  +  c« 


Area  of  A  AKB  =:  -^-r^J-^—^ 
a^  -|-  b-  -r  c* 

A  BKC  :  A  CKA  :  A  AKB  —  a^  :  b»  :  c*. 

4.  Antiparallels  to  sides  of  the  triangle  through  K  are  equal.  Such  anti- 
parallels  cut  the  sides  of  the  triangle  in  six  points  which  lie  on  a  circle  whoso 
centre  is  K.     This  circle  is  called  the  Cosine  Circle. 

5.  K  is  the  median  point  of  the  triangle  KsKbKc. 


87 

6.  The  line  KM*  (M*  is  the  mid  point  of  BC)  passes  through  the  mid  point 
of  the  altitude  AH*. 

7.  The  sides  of  the  K- pedal  triangle  K«KbKc  are  perpendicular  to  the 
medians  of  ABC,  respectively. 

8.  The  sides  of  the  G-pedal  triangle  Ga(»bGc  are  perpendicular  to  the  sym- 
medians  AK,  BK,  CK,  respectively. 

9.  a  .  GA  .  KA -f-  b  .  GB  .  KB  -f  C  .  GC  .  KC  =  a  .  b  .  c. 

10.  If  the  sym median  lineit  AK,  BK,  CK  meet  the  circiimcircle  of  ABC  in 
A^  B'',  C,  thtn  the  iriangles  ABC  and  A'B'C  are  co-symuiedian,  that  is  they 
have  the  tame  symmedian  point  K. 

11.  K  and  M  (M  is  the  circumcentre  of  ABC)  are  opposite  ends  of  a  diam- 
eter of  Brocard's  Circle. 

12.  Parallels  to  the  sides  of  ABC  through  K,  determine  six  points  on  the 
sides  which  lie  on  the  Lemoine  Circle. 

13.  If  points  A^  B^  C  be  taken  on  KA,  KB,  KC  so  that  KA^  KB^  KC^=: 
K A  :  KB  :  KC  =  constant,  then  antiparallels  to  the  sides  through  A',  B^,  C,  re- 
spectively, determine  six  points  on  the  sides  of  the  triangle  which  lie  on  a  Tucker 
Circle. 

14.  If  Ai  Bi  Ci  is  Brocard's  first  triangle,  then 

Ai  K  is  parallel  to  BC. 
Bi  K  is  parallel  to  CA. 
Ci  K  is  parallel  to  AB. 

15.  AK,  BK,  CK  produced  meet  Brocard's  circle  again  in  A^^,  B^^,  C'^  re- 
spectively, and  these  points  form  Brocard's  second  triangle  A^^  W^  C^\ 

16.  If  KA,  KB,  KC,  meet  the  sides  of  ABC  in  Xi,  Xi,  Yi,  Y2  andZi,  Zj 
re-ipectively,  then  the  sides  of  the  triangle  Zi  Xi  Yi  are  parallel  to  A  12,  B  12,  C  12 
respectively,  and  the  sides  of  Y2  Z2  X2  are  parallel  to  A  12',  B  12',  C  ii^  respectively, 
where  O  and  Q'  are  the  Brocard  points  of  ABC.  12  and  K  are  the  Brocard  points 
of  ZiXi  Yi  and  Q'  and  K  are  the  Brocard  points  of  Y2  Zi  X:;. 

17.  The  point  of  concurrency  D  of  AAi,  BBi,  CC:  ij<  the  point  isotomic 
conjuf^ate  to  K. 

18.  The  line  MK  is  perpendicular  to  and  bisects  the  line  i2i2^. 

19.  The  Simson  line  of  Tarry's  point  is  perpendicular  to  MK. 

20.  (>)t  <KBC-f-  cot  <KCA  -p  cot  <KAB=r:3  cot  ^  where  o  U  the  Bocard 
angle. 

21.  If  the  symmedian  AK  cut  BC  in  K\  and  the  line  MMa  in  Q  then 
(AK""*,  KQ)  is  a  harmonic  range. 
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22.  If  from  K^a  perpendicalartt  p  an  q  are  drawn  to  CA,  AB  respectivelj, 
then 

P^  q  _    2/\ 
b        c       aM  b^ 

23.  AK:KK'.  =  b2-|-c2:a« 

24.  BK^:K'.C  =  c«:b« 
CK'b-.K'b  A  =  a2:c2 
AK^c:K"cB  =  b2:aS 

BK^  =  1^   etc 

2o.  The  tangent  to  the  circumcircle  at  A,  and  the  symmedian  AK  are  har- 
monic conjugates  with  respect  to  AB  and  AC. 

26.  'I'he  angles  AMK,  BMK,  CMK  are  equal  respectivelj  to  the  anglea 
(BC,  BiCi)  (AC,  AiCi),  (AB,  AiBi),  that  is  the  respeetive  angles  between  the 
lides  of  Brocard's  first  triangle  and  the  corresponding  sides  of  the  fundamental 
triangle. 

27.  The  Mides  of  the  .^KaKbKc  are  proportional  to  the  medians  of  the 
/^ABC,  and  the  angles  of  the  /\KaKbKc  are  equal  to  the  angles  which  the 
medians  make  with  each  other. 

28.  The  sum  of  the  squares  of  the  side^  of  KaKbKc  is  less  than  the  sum  of 
the  squares  of  the  sides  of  any  other  triangle  inscribed  in  ABC. 

29.  The  ratio  of  the  area  of  ABC  to  that  of  its  co-symmedian  triangle 
A'B'C  (See  No.   10)  is  (— a2-|-2b2-|-2c2)  (2a2— b«-f2c«)  (2a»-f2b»— c«):27a«b2c». 


Note  On  McGinnis\s  Universal  Solution. 

By  Robert  J.  A  ley. 

The  full  title  of  the  book  is,  "The  Universal  Solution  for  numerical 
and  literal  equations  by  which  the  roots  of  equations  of  all  degrees  can 
be  expressed  in  terms  of  their  coefficients,  by  M.  A.  McGinnis,  Kansas 
City,  Missouri,  the  Mathematical  Book  Company,  1900." 

In  his  preface  the  author  announces  that  the  book  appears  at  "the 
request  of  many  able  mathematicians,  teachers  and  scholars  throughout 
the  United  States."  He  also  modestly  states  that  the  imaginary  Is  for 
the  first  time  put  upon  a  true  basis,  that  bi-quadratics  are  more  thoroughly 
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treated  than  In  any  prior  work  and  that  it  is  the  only  work  in  which 
general  equations  beyond  the  fourth  degree  are  solved.  It  is  also  the 
only  book  that  shows  the  fallacies  in  Abel's  proof  that  equations  of  higher 
degree  than  the  fourth  can  not  be  solved  by  radicals. 

That  the  book  is  interesting  goes  without  saying.  No  one  who  prom- 
ises so  much  can  fail  to  write  in  an  interesting  manner.  One  follows 
breathlessly  to  see  the  kind  of  a  paradox  that  will  be  produced. 

A  number  of  simple  theorems  in  the  theory  of  numbers  and  the 
theory  of  equations  are  stated  as  though  they  were  new. 

On  page  53,  article  164,  we  read:  "The  roots  of  quadratics  represent 
the  sides  of  right  triangles  when  Real  Quantities;  the  sides  of  isosceles 
triangles  when  Real  Imaginaries;  and  when  Pure  Imaginaries  may  be 
represented  by  lines"  His  argument  for  tlie  latter  part  of  the  statement, 
it  is  needless  to  say,  is  not  convincing. 

A  number  of  special  numerical  problems  in  equations  of  various  de- 
grees are  solved.  In  many  of  these  some  very  ingenious  special  methods 
are  exhibited. 

One  chapter  is  devoted  to  the  discussion  of  Wantzel's  modification  of 
AbeFs  proof  of  the  impossibility  of  an  algebraic  solution  of  ^equations 
of  higher  degree  than  the  fourth.  The  character  of  the  discussion  can 
be  best  understood  by  quoting  the  conclusion.  **If  we  should  accept 
his  (Wantzel's)  demonstration  as  true,  we  would  be  forced  to  the  conclu- 
sion that  the  general  equation  of  a  degree  higher  than  four  was  destitute 
of  roots.  The  concluson  of  Wantzel  that  the  roots  can  not  be  indicated  in 
algebraical  language  is  equivalent  to  saying  that  there  are  no  roots, 
since  it  is  absurd  to  say  that  finite  quantities  exist  wliich  can  not  be 
expressed  in  any  function  of  other  finite  quantities,  which  are  themselves 
symmetrical  functions  of  the  first,  however  complicated." 

The  author's  notion  of  the  imaginary  is  summed  up  in  a  general 
theorem,  as  follows:  **An  Imaginary  Quantity  is  the  indicated  square 
root  of  the  difference  of  the  squares  (with  its  sign  changed)  of  the  bases 
of  two  right  triangles  having  a  common  perpendicular  which  is  the 
radius  of  a  circle;  two  of  such  triangles  lying  wholly  within  the  semi- 
circle, and  two  partly  within  and  partly  without  the  semicircle."  What 
the  theorem  or  the  demonstration  means  would  be  hard  to  tell. 


7— A.  OF  SCIINOB. 
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Of  his  so-called  universal  solution  I  will  consider  only  that  of  the 
sixth  degree.    He  assumes  that— 

x«  -i-  mx«  -h  nx*  -f-  bx»  -f  px»  +  tx  +  q  =  0 

He  then  puts 

/tx  m'       Ao        m«  ,       , 

,-,  f  m^n       mM       Bt 

(2)  P-l-B*    -B»J=m  =  y'  +  y''-^"''- 

(3)  q  =  yzw 

(4)  o  AS  —  2mn  A«  +  2m8A  —  m^  =  0 

(5)  tB*  — mpfis-f  in«nB  — m«  =  0. 
From  (4)  and  (5)  find  A  and  B 

Then  x,  y,  z  are  found  from  1,  2.  3  by  means  of  a  cubic  equation. 

The  author  incidentally  remarks  that  the  proper  combination  of  the 
three  values  of  A,  and  the  four  values  of  B  are  easily  determined  by 
a  little  practice.  The  author  also  says  that  it  is  evident  that  by  com- 
paring coefficients  the  values  of  1/a,  1/b,  1/c  can  be  obtained.  The 
novice  will  find  some  difficulty  in  doing  it.  The  real  point  of  difficulty* 
however,  is  that  we  have  eight  unknown  quantities,  viz.,  a,  b,  c,  x,  y,  z, 
A,  B,  and  nine  equations  to  be  satisfied,  viz.,  five  by  equating  coefficients, 
and  four  from  (1)  and  (2).  So  that  the  boasted  solution  is  after  all  only 
a  solution  when  there  is  some  condition  placed  on  the  roots. 


Graphic  Methods  in  Elementary  Mathematics. 
By  Robkkt  J.  Aley. 


The  Automatic  Temperature  Regulator. 

By  Chas.  T.  Knipp. 

(Publiihed  in  the  Physical  Review.  Vol.  XII,  No  1,  January,  1901.) 
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The  Cayleyan  Cubic. 
By  C.  a.  Waldo  and  John  A.  Newlin. 


The  Use  of  the  Bicycle  Wheel  in  Illustratincji  the  Principles 

OF  the  Gyroscope. 

By  Chas.  T.  Knipp. 
(PubHshed  in  the  Phyiical  Review,  VoL  XII,  No.  1,  January,  1901. 


The  Cyclic  Quadrilateral. 

By  J.  C-  Gbeog. 

PROBLEM. 

The  opposite  sides  of  a  quadrilateral  FGHI  inscribed  in  a  circle,  when 
produced,  meet  in  P  and  Q;  prove  that  the  square  of  PQ  is  equal  to 
the  sum  of  the  squares  of  the  tangents  from  P  and  Q  to  the  circle.— 
No.  80,  page  470,  Phillips  nnd  Fisher's  Geometry. 

SOLUTION 
(See  Fig.  I.) 

On  PO  and  QO  as  diameters  draw  circles  (centers  8  and  T)  and  catting  circle 
O  in  C,  D,  E  and  K.  QK  and  PD  are  tangent  to  O.  Througii  the  points  Q,  F 
and  G  draw  a  circle  cutting  PQ  in  A.  Then  Z  PHG  =  ZGFI=  ZQAG 
.'.  ZPAG  ii  the  supplemtnt  of  ZPHG  and  PAGH  is  cyclic,  and 

PQ-  PA  =  PF.  PG  =  Pd'  and 

J 

PQ.QA  =  QH.QG  =  QK  and  adding  these  two  equations 

PQ  =PD*-hQK*  — Q.  E.  D. 
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Fig.  I. 


DISCUSSION. 


(1)  With  P  and  Q  as  centers,  and  PD  and  QK  as  radii  draw  two 
arcs  meeting  in  B.  Then  PBQ  is  a  right  angle,  and  PB  is  tangent  to 
arc  EBK,  and  as  the  tangents  PD  and  PB  to  circle  O  and  arc  EBK  are 
equal,  P  must  be  on  the  common  chord  KE  produced;  and  in  the  same 
way  DCQ  is  a  straight  line. 

(2)  Since  PK.I»E=PF.PG=PQ.PA,  the  point  A  is  in  the  circumference 
T,  and  OA  is  perpendicular  to  PQ.  and  A  is  also  in  the  circumference  S. 

(3)  PQ.PA=PF.PG=PI.PH.  .-.  the  points  A,  Q,  I,  H  are  concyclic. 
and  in  the  same  way  A,  P,  I,  F  are  also  concyclic. 

(4)  PK  and  QD  are  respectively  perpendicular  to  QO  and  PO,  and 
R  is  the  orthocenter  of  the  triangle  POQ.  and  AO  passes  through  R. 
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(5)  The  three  arcs  DEC,  EBK  and  DBC  cut  orthogonally,  two  and 
two,  and  the  common  chord  of  any  two  of  them  passes  through  the  center 
of  the  third. 

(6)  (See  Fig.  II.) 

ZQPA-h  ZGQA=  ZHIF  (supplement  of   ZPGQ). 
ZGPH  =ZGAH. 

ZGQF  ::=  ZGAF  and  adding  these  three  equations 
ZQPI+  ZPQI=  ZHAF4-  ZHIF,  or 
180°—  ZHIF=r  zHAF-f  ZHIF. 
180°  — 2 ZHIF  =  ZHAF.     But  ZH0F  =  2zHIF. 
...  180°—  Z  HOF  =  Z  HAF  and  H,  A,  F,  O,  are  concyclic. 

(7)  We  have  now  shown  the  following  points  to  be  concyclic: 

A,  G,  F,  Q,— center  M. 
A,  G,  H.  P,— center  N. 
A,  O,  K.  Q,— center  T. 
A,  P,  D,  O,— center  S. 
A.  P,  I,  F,— center  S  . 
A,  Q,  I,  H— center  T'. 
A,  H,  O,  F,— center  O'. 
And  we  will  show  that  X  is  the  center  of  a  circle  through  A,  G,  O,  I. 

(8)  CD,  OA  and  HF  are  the  three  common  chords  of  circles  O,  8  and  (Y, 

and  must  meet  ii)  a  point.     Hence  HF,  the  diagonal  of  FGHI,  passes 
through  R. 

(9)  Since  API  FiH  cyclic  ZQVF=rZQIP;  and  for  the  same  reason  ZPAH 

=  ZQIP.     .-.  ZQ\F=  Z  PAH  and  /()AF=r  ZOAH. 

(10)    Since  the  circles  S^,  O^  and  M  pass  through  the  p'ints  A  and  F,  their 

centers  S'',  O"  and  M  are  in  the  same  line  perpendicular  to  AF.     For 

a  similar  reason  N,  iV^  T^  are  in  the  same  line  perpendicular  to  AH, 

and  S^,  8,N  and  T'',T,  M  are  respectively  in  the  same  lines  perpendicu- 

lar  to  I^  or  TS.     Also  T'S\  TS  and  MN  respectively  bisect  AX,  AG, 

and  AG  at  right  angles.     Now  the  angles  SCS'  and  SO^N  have  their 

sides  respectively  perpendicular  to  the  sides  of  the  equal  angles  OAF 

and  O  \  H.     .  * .  Z  SO'8^  =  Z  SO^N  and  S  N  =  8S^,  and  in  the  same  way 

TM=:TT^     Hence  the  lines  T^S^  and  MN  will  meet  T8  at  the  same 

point  X,  and  X  A  =  XG  =:  XO  =  XI  and  X  is  the  center  of  the  circle 

through  A,  G,  O,  I. 

(11)    Now   HF,   OA,   and   GI   are  the  three  common   chords   of  the 

circles  O,  O'  and  X  and  must  meet  in  a  point     Hence  GI  the  other 
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Fig  II. 


diagonal  of  FGHI  also  passes  through  R,  and  we  have  established  the 
following 

Theorem.— The  diagonals  of  an  Inscribed  quadrilateral  meet  in  the 
orthocenter  of  the  triangle  whose  vertices  are  the  center  of  the  circle, 
and  the  points  where  the  opposite  sides  meet. 

(12)  (See  Fig.  1.)  Since  QK,  QB,  PC  and  PD  are  tangents  to  circle  O, 
the  following  theorem  holds:  If  the  diagonals  of  an  inscribed  quadri- 
lateral meet  in  R,  and  its  opposite  sides  meet  in  P  and  Q,  and  PR  and 
QR  be  drawn  cutting  the  circle  in  B,  K,  C  and  D,  then  PD,  PC,  QK  and 
QB  are  tangent  to  the  circle. 

(13)  The  diagonals  of  any  quadrilateral  inscribed  in  circle  O,  and 
whose  opposite  sides  meet  in  P  and  Q,  will  pass  through  R. 

(14)  If  any  point  I,  in  circle  O  be  joined  to  P  and  Q  and  cutting 
the  circle  in  F  and  H,  PF  and  QH  will  meet  on  the  circumference  as  at  Q. 
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Note  on  the  Determination  of  Vapor  Densities. 

By  Chas.  T.  Knipp 

The  object  of  this  note  is  to  describe  briefly  a  method  of  determining 
vapor  densities  which  was  suggested  to  the  writer  last  year  while  making 
observations  on  the  surface  tension  of  water  at  high  temperatures. 

The  principle  used  is  that  the  buoyancy  of  vapor  increases  as  the 
density  Increases.  An  iron  core  mn  (Fig.  I),  carrying  a  sphere  8  at  its 
lower  end  is  lifted  by  the  sucking  action  of  a  coil  in  which  a  current 
is  flowing.  The  lifting  coil  and  core  with  sphere  attached  are  contained 
in  a  steel  vessel  of  sufficient  strength  to  withstand  high  pressures.  Three 
insulated  circuits  are  run  through  the  plug  closing  the  vessel.    The  schema 
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of  connections  is  show^n  in  Fig.  I.  The  lifting  current  is  supplied  by  a 
number  of  storage  cells,  the  current  being  adjusted  by  tin  resistanceik 
until  the  sphere  is  lifted.  At  that  instant  contact  is  made  at  M,  closing 
the  signal  circuit,  shown  to  the  right  in  the  figure.  The  temperature  Is 
read  by  means  of  a  Cu-Pt  thermo-j unction.  This  is  placed  in  a  hole 
drilled  in  the  containing  vessel  to  within  2mm  of  the  inner  cavity.  The 
vessel  communicates  with  a  pressure  gauge  and  pump.  The  current  re- 
quired to  lift  the  sphere  is  read  by  means  of  r  milli-volt  meter  looped 
aronnd  a  .03-ohm  coil. 
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As  yet  only  a  few  readings  have  been  made,  and  these  were  obtained 
incidentally  while  conducting  the  Investigation  referred  to  above.  A  curve 
was  platted  (Fig.  2)  in  which  temperatures  are  abscissas,  and  the  cor- 
responding currents  are  ordinates.  Only  the  upper  portion  of  the  curve 
is  shown  in  the  figure.  The  density  increases  veiT  slowly  at  first,  and 
becomes  constant  when  tlie  critical  temperature  is  passed. 

This  method  furnishes  a  means  of  determining  the  critical  temperature 
and  critical  pressure,  as  well  as  the  critical  volume  of  a  liquid. 


An  Improved  Wehnelt  Interrupter. 

[Abitract  ] 
By  Arthur  L.   Foley  and  R.  E.  Nyswander. 

The  chief  difficulties  encountered  in  working  with  the  ordinary  type 
of  Wehnelt  Interrupter  are  that  the  glass  tube  which  holds  the  platinum 
wire  is  continually  brealsing  and  that  the  length  and  size  of  the  project- 
ing platinum  wire  can  be  changed  only  by  constructing  new  tubes. 

In  the  improved  interrupter  a  lead  vessel  serves  as  electrode  and  to 
contain  the  electrolyte.  The  platinum  wire  is  held  in  a  brass  tube 
having  its  lower  end  slotted  and  conical.  A  collar,  sliding  on  the  conical 
end,  serves  to  press  the  jaws  together  and  to  clamp  the  platinum  wire. 
The  projecting  end  of  the  wire  may  be  about  1  cm.  long;  the  remainder 
of  the  wire  may  extend  up  the  inside  of  the  tube. 

The  lead  vessel  should  be  filled  half  full  of  the  electrolyte  and  over 
this  should  be  poured  a  layer  of  coal  oil  2  or  ^  cm.  dc4»p.  The  brass  tube 
is  gradually  lowered  until  the  platinum  point  extends  to  the  desired 
depth  in  the  electrolyte.  The  remainder  of  the  platinum  wire  and  the 
brass  tube  are  entirely  protected  by  the  oil.  The  oil  serves  also  to 
decrease  the  spray  and  fumes  from  the  electrolyte.  A  platinum  loop 
instead  of  a  point  is  preferable  in  many  cases.  The  action  of  the  inter- 
rupter is  made  more  constant. 

Many  other  electrolytes  may  be  used  besides  the  usual  10  per  cent, 
solution  of  sulphuric  acid  and  water.  As  a  matter  of  fact  for  high  or  low 
voltages  some  other  electrolytes  are  superior.  The  following  tables  gives 
some  data  concerning  a  few  of  many  electrolytes  that  hav?  been  used 
with  this  form  of  interrupter: 
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A  Method  of  Measuring  the  Absolute  Dilatation  of  Mercury. 

L  Abstract.] 
By  Arthur  L.  Foley. 

The  forms  of  apparatus  used  by  Dulong  and  Petit,  and  Regnault,  in 
determining:  the  absolute  dilatation  of  mercury  are  open  to  one  or  both 
of  the  following  objections:  (1)  Some  parts  of  the  mercury  columns  are 
exposed  and  so  the  termperature  can  not  be  exactly  the  same  throughout; 
(2)  the  heights  of  the  columns  must  be  measured  from  some  assumed 
point  of  equilibrium  in  a  horizontal  connecting  tube.  The  method  pro- 
posed in  this  investigation  is  entirely  free  from  both  these  objections. 

The  two  arms  of  a  vertical  U  tube  are  jacketed  in  the  usual  way, 
except  that  the  jaclieting  tubes  are  of  glass  to  peruiit  the  heights  of  the 
mercury  columns  to  be  taken  with  a  cathetometer,  at  any  level.  Into 
the  tube  is  poured  a  quantity  of  mercury  sufficient  to  stand  several  centi- 
meters high  in  each  arm.  When  the  required  temperature  has  been 
attained  the  two  heights  are  carefully  measured.  More  mercury  is  added 
and  under  the  same  temperature  conditions  the  heights  are  again  meas- 
ured. The  differences  in  the  heights  before  and  after  adding  the  mercury, 
together  with  the  temperature  difference  of  the  two  arms,  are  all  the 
data  required.  Many  independent  determinations  may  be  made  by  adding 
or  removing  mercury.  As  the  readings  are  in  every  case  difference 
readings  any  effects  that  might  come  from  capillary  and  convection 
currents  in  the  horizontal  tube  are  eliminated.  Two  of  my  students, 
J.  G.  (Jentrj'  and  O.  A.  Rawlins,  have  obtained  remarkably  consistent 
results  by  this  method,  though  the  coefficient  of  dilatation  obtained  by 
them  is  slightly  less  than  that  obtained  by  Regnault. 


The  Geodesic  Line  of  the  Space  ds^^dx^-j-sin^xdy^-f  dz«. 
By  S.  C.  Davisson. 
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The  Friction  of  Railway  Brake  Shoes  Under  Various  Con- 
ditions OF  Pressure,  Speed  and  Temperature. 

By  R.  a.  Smakt. 

Information  concerning  the  friction  of  unlubricated  rubbing  surfaces 
is,  unfortunately,  limited  in  quantity,  and  it  is  believed  that  the  data  pre- 
sented herewith,  although  relating  particularly  to  the  friction  of  brake 
shoes  for  railway  cars,  may  be  properly  offered  to  the  Academy  as  a 
contribution  to  the  general  subject. 

The  brake  shoe  is  an  important  factor  in  the  chain  of  mechanism 
popularly  'known  as  the  air  brake.  It  is  not,  strictly  speaking,  a  part  of 
the  air  brake,  but  is  the  immediate  agent  through  which  the  air  brake 
accomplishes  the  stopping  of  the  train.  It  is  the  block  of  metal  which 
is  pressed  against  the  tread  of  the  car-wheel  and  which  creates,  in  contact 
with  the  wheel,  the  friction  which  brings  the  wheel  and  hence  the  train 
to  rest.  It  will  at  once  be  seen  that  the  effectiveness  of  the  whole  air 
brake  system  on  our  railways  is  dependent  directly  upon  the  efficiency 
with  which  the  brake  shoe  does  its  work.  For  instance,  >ve  can  conceive 
of  the  brake  shoe  being  made  of  some  substance  like  glass,  so  hard  that 
its  friction  would  be  practically  nothing,  in  which  case  the  air  brake  would 
be  powerless  to  stop  the  train. 

In  fact,  so  important  is  the  brake  shoe  in  the  eyes  of  railway  officials 
that  the  Master  Car  Builders*  Association  has  caused  to  be  built  an 
elaborate  machine  to  be  used  exclusively  for  the  testing  of  brake  shoes. 
The  need  of  such  a  machine  will  be  understood  when  it  is  s]^ted  that 
the  tendency  of  brake  shoe  manufacturers  is,  in  order  to  be  able  to 
guarantee  long  life  for  their  shoes,  to  make  them  so  hard  as  to  seriously 
impair  their  frictional  qualities. 

Tlie  Master  Car  Builders'  Brake  shoe  testing  machine,  which  has  been 
deposited  by  them  in  the  engineering  laboratory'  of  Purdue  University, 
consists  of  a  heavy  revolving  weight  whose  kinetic  energy  at  any  speed 
is  equal  to  that  of  one-eighth  of  a  loaded  ♦lO.OOO-pound  freight  car.  On 
the  same  shaft  as  this  weight  and  revolving  with  it  is  an  ordinary  car 
wlieel.  By  a  series  of  weighted  levers,  the  shoe  to  be  tested  is  pressed 
against  tlie  moving  car  wheel,  thus  bringing  the  wlieel  and,  hence,  the  re- 
volving weight  to  rest.  AVhen  it  is  remembered  that  the  freight  car  has 
eight  wlieels,  each  fittwl  with  a  brake  shoe,  it  will  be  seen  that  the  ma- 
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chine  reproduces  the  conditions  surrounding  one-eiglitli  of  a  freight  car,  so 
far  as  the  forces  involved  in  stopping  tlie  car  are  concerned.  The  machine 
provides  a  complicated  recording  mechanism  by  which  the  performance  of 
the  shoe  while  under  test  may  be  determined. 

The  present  tests  were  undertaken  to  determine  tlie  effect  upon  the 
coefficient  of  friction  of  variations  in  three  factors,  viz.:  The  normal 
pressure  between  the  slioe  and  the  wheel,  the  speed  of  the  wheel  at  the 
time  the  shoe  is  first  applied,  and  the  temperature  of  the  rubbing  surfaces. 
The  effect  of  the  first  two  variables  was  determined  by  making  stops 
from  various  initial  spee<i.s  and  under  different  braking  pressures,  and 
calculating  for  each  test  tlie  mean  coefticient  of  friction  for  the  stop. 
The  limits  of  the  variable  elements  under  which  the  tests  were  made 
were  as  follows:  Initial  speed,  lo  to  05  miles  per  hour;  normal  pressure, 
from  about  2,800  i)ounds  to  about  10.700  pounds,  these  limits  hcing  the 
ones  found  in  ordinary  road  service.  In  making  a  stop,  the  method  of 
procedure  is  as  follows:  The  weight  and  car  wheel  are  brought  to  the 
desired  speed  of  rotation  by  an  engine.  The  engine  is  then  disconnected 
from  the  revolving  weight  by  a  clutch  and  the  brake  shoe  is  brought  in 
contact  with  the  car  wheel  with  the  desired  braking  pressure.  As  the  car 
wheel  and  weight  are  being  brought  to  rest  under  the  action  of  the  brake 
shoe,  the  recording  nuHrhanism  attached  to  the  latter  draws  an  autographic 
rcK-ord  of  certain  elements  in  the  performance  of  the  shoe,  from  which 
the  mean  coefficient  of  friction  during  the  stop  may  be  calculated. 

The  effect  of  the  third  variable  mentioned  above,  namely,  the  tempera- 
ture of  the  rubbing  surfaces,  was  more  difficult  to  determine.  The  tem- 
perature of  the  shoe  only  was  observed,  and  this  was  found  by  imbedding 
in  each  end  of  the  shoe  the  thermo-electric  joint  of  a  I.e  Chateller  pyrom- 
eter. This  joint,  in  connection  with  a  D'Arsouval  galvonometer,  gave 
continuous  readings  of  the  temperature  of  the  face  of  the  shoe  near  each 
end.  The  tests  were  made  by  making  continuous  runs  at  constant  speed 
and  noting  simultaneously  the  temperature  of  the  shoe  and  the  coefficient 
of  friction.  The  limits  of  temperature  under  wliich  the  tests  were  made 
were  from  about  60**  F.  to  about  1500°  F. 

The  results  from  the  tests  may  be  summed  up  as  follows: 

1.  The  coefficient  of  friction  of  brake  shoes  decreases  with  increase  of 
pressure.    The  values  are  approximately  as  follows: 
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Soft  cast-iron  shoe. 
Slow  speed. 

Pressure  increasing  from  2,700  pounds  to  lOJOO  pounds. 
Coefficient  of  friction  decreasing  from  37  per  cent  to  20  per 
cent. 
Soft  cast-iron  sboe. 
High  speed. 

Pressure  iuereasfng  from  2,700  pounds  to  10,700  pounds. 
Coefficient  of  friction  decreasing  from  26  per  cent  to  15 
per  cent 
Hard  cast-iron  shoe. 
Slow  speed. 

Pressure  increasing  from  2,700  pounds  to  10,700  pounds. 
Coefficient    of    friction    decreasing    from    33    per    cent,    to 
18  per  cent. 
Hard  cast-iron  shoe. 
High  speed. 

Pressure  increasing  from  2,700  pounds  to  10,700  pounds. 
Coefficient  of  friction  decreasing  from  17  per  cent,  to  12 
per  cent 
2.    The  coefficient  of  friction  of  braise  shoes  decreases  with  increase 
of  initial  speed.    The  values  are  approximately  as  follows:     . 
Soft  cast-iron  shoe. 
Light  pressure. 

Speed  increasing  from  10  to  C5  miles  per  hour. 
Coefficient  of  friction  decreasing  from  37  per  cent,  to  26  pei 
cent 
Soft  cast-iron  shoe. 
Heavy  pressure. 

Speed  increasing  from  10  to  66  miles  per  hour. 
Coefficient  of  friction  decreasing  from  27  per  cent,  to  20  per 
cent. 
Hard  cast-iron  shoe. 
Light  pressure. 

Speed  increasing  from  10  to  65  miles  per  hour. 
Coefficient  of  friction  decreasing  from  33  per  cent,  to  20  per 
cent. 
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Hard  cast-irou  shoe. 
Heavy  pressure. 

Speed  increasing  from  10  to  65  miles  per  hour. 
Coefficient  of  friction  decreasing  from  25  per  cent,  to  12 
per  cent 
3.    The  coefficient  of  friction  of  cast-iron  braise  shoes  is  practically 
constant  with  variations  in  temperature  of  shoe  and  wheel  within  the 
limits  of  the  experiments. 


Diamond  P^LUORBi^cExcE. 

[Abitraot.] 

By  Arthub  L.  Foley. 

A  year  ago  I  presented  to  the  Academy  an  account  of  an  experiment 
with  a  diamond  and  a  photographic  dry  plate  (Proceedings  of  Academy, 
1899,  p.  94).  Later  experiments  have  confirmed  the  theory  presented. 
It  has  been  found  that  a  low  temperature  is  favorable  to  the  success  of 
the  experiment. 


A  Theorem  in  the  Theory  of  Numbers. 
By  Jacob  Westlund. 

Let  n  be  any  prime  number  and  let 

8k=  1»^  -f  2^  H  3^  + -f  (n  -  1  k. 

Then 

Sk  =  0,   mod  n,  when  Ic  5  0,   mod   (n — 1)  and  Pk  ^  —  1,  mod  n,  when 
k^O,  mod  (n-l). 

Proof.     Consider  the  congruence. 

x»-i—  1  =  (X  —  1)  (x  -  2) (x  —  n  — 1 ),  mod  n. 

This  congraence  is  evidently  satisfied  by  the  n  —  1  incongraent  numbers. 

1,2,3,   (n-l). 
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Bat  the  congraence  is  of  the  degree  n  —  2,  since  it  may  be  written 

-f-  ai  X"-*  —  as  x"-*  -h  as  x"-* —  an-i  —  1=0,  mod  nowhere 

ai  =  l-f  2  4-3-h +(n-l) 

as=  1.2  +  1.3+ +  2.3+ 

a8  =  l  .2.3  +  1  .2.4+ 


a„-i=1.2.3 (n  — 1). 

Hence,  since  the  number  of  roots  of  a  congruence  with  prime  modulus  can 
not  be  greater  than  the  modulus,  the  given  congruence  must  be  identical.  Hence, 

ai  =  0,  mod  n. 

as  =  0,  mod  n. 

an-2  ^0,  mod  n. 

an-i  =  1,  mod  n. 
But  from  the  theory  of  symmetric  functions  we  have  the  following  relations: 

Si  —  ai  =  0. 

Ss— Piai  +  2as  — 0. 


8n-2  — S„_sai  + — (n  —  2) .  an-2=0. 

8n-i  — Sn-s  .  ai+ +(n  — l).an-i=0. 

8u  — 8„_i  .  ai+ +Si.an_i  =  0. 

Hence, 

Si  =  0,  mod.  n.  Ssn-a^O  mod.  n. 

Ss^O,  mod.  n.  S2n-2  =  —  1  mod.  n. 

Ssn-i  —  0  mod.  n. 

Sn-«  ~  0,  mod.  n.  

8ii— 1  =       1  mod.  n. 
Sn  ^  0,  mod.  n. 


or 


Sk  =  0,  mod  n,  when  k  £  0  mod  (n  —  1)  and  Sk  ^  —  1,  mod  n,  when  k  =: 

0  mod  (n  — 1). 
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On  the  Decomposition  of  Prime  Numbers  in  a  Biquadratic 

NuMBER-FlKLD. 

By  Jacob  Westlund. 

Let 

x^  +  ax2  4- bx -f  c  =  0 

be  an  irredacible  equation  with  integral  eo-efficients,  whose  discriminant  ^S  we 
suppose  to  be  a  prime  number.  Denote  the  roots  of  this  equation  by  8,  9^,  9^^,  9^^'', 
and  let  as  consider  the  number-field  k(0),  generated  by  0.  Then  since  the  funda- 
mental number  of  k(6)  enters  as  a  factor  in  the  discriminant  of  every  algebraic 
integer  in  k(0),  it  follows  that  ./^  is  the  fundamental  number  of  k(8)  and 

1,  e,  0«,  QS 
form  an  integral  basis,  i.  e.,  every  algebraic  integer  a  in  k  (9)  can  be  written 

oc  =--  ao  +  aiO  -f  8292  -|-  038^ 
where  ao,  ai,  as,  as  are  rational  integers. 

The  decomposition  of  any  rational  prime  p  into  its  prime  ideal  factors  is 
effected  by  means  of  the  following  theorem  :     If 

F(x)=:x<-L-ax*-f-  bx  +  c 
be  resolved  into  its  prime  factors  with  respect  to  the  modulus  p  and  we  have 

F{x)~{  Pi(i)  }'•{  Pj(i)  }'' (modp) 

where  Pi(x)y  P2(z). .  •  are  different  prime  functions  with  respect  to  p,  of  degrees 
fi,  f2, . . .  respectively,  then 

(p)=[p,  Pi(0)]''  [p,  P.(0)j'» 

where   [  p,  Pi (9)      ,      p,  P2(9)       are  ditferent  prime  ideals  of  degrees  fi, 

fa,...  respectively.  (1) 

In  applying  this  theorem  to  the  factorization  of  p  we  have  two  cases  to  con- 
sider, 1st  when  p=:  ^^^  and  2nd  when  p  :^  •  ,. 

Case  I.     p  =  A,. 
Suppose 

(p)  =  A^'  A«^  A^^  A^* 

where  Ai,  Aj  . . .  are  different  prime  ideals  of  degrees  fi,  f2,  ...,  respectively. 
Then,  since  the  fundamental  number  of  k  (8)  is  divisible  by  p'l  ('1  — ^)-f' 2(*2— 0 
"!"•••  (  )»  we  have 

flC'l— »)  +  f2(''2  — M  -r  fs^l  — 1)  -f  f4(*'4  — M  — 1, 


(0  Hilbert:    "Berioht  iiber  die  Theorie  der  Algebraiicheo  Zablkdrper/'  Jahreibericht 
der  Deataohen  Matbematiker- Vereinigang  (18d4-95),  pp.  198^  202. 

8— A.  OP  SoiiMCi. 
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and  also 

f i*"!  -h  U^i  -h  fs^i  +  Ui  =  4. 
From  these  two  relations  we  see,  remembering  that  A  is  divisible  by  the 
square  of  a  prime  ideal  (^),  that  the  required  factorization  of  p  is  either 

(p)=Ai2.A2.A.s 
where  Ai,  As,  As  are  prime  ideals  of  first  degree,  or 

{p)==Ai2A2 
where  Ai  is  of  first  degree  and  A2  of  second  degree. 
Hence  the  factors  of  F(x)  are  either 

F(x)  ^  {  Pi(x)  I  '  P,(x)  .  P3(x)  (mod.  p), 

where  Pi(x),  PaC*),  PsCx)  are  prime  functions  of  first  degree,  or 

F(x)-{p,(x)}'p,(x) 

where  Pi(x)  is  of  first  degree  and  Po(x)  of  second  degree. 

In  order  to  find  the  prime  ideal  factors  of  p  we  have  thus  to  resolve  F(x) 
into  its  prime  factors  with  re>pect  to  the  modulus  p.     To  do  this  we  set 
X*  -f-  ax2  -h  bx  -f  c  =  (X  -h  1)*  (x^  -\-  mx  -f  n)     (mod.  p) 

=  x*  +  (m  +  21)x»  +  (n  +  P4-  «ml)  x^  +  (ml»  + 
21n)x-hnl2.     (mod.  p.) 
Hence,  for  determining  1,  m,  n  we  have  the  congruences 
m  -f  21  fe:  o  1 

mlM-21n-::b        •  ^  ^' 

nP^c 


Eliminating  m  and  n,  we  get 

4P  +  21a-Eb) 
3H  +  ah.E:cr"^'-P^' 
which  give 

2aP=^3bl  — 4c     (mod.  p). 
Having  thus  obtained  the  values  of  1,  m,  and  n,  we  set 

X^  -fmx-f  n  =  (x  +  r)  (x  +  s)     (mod.  p) 

E=  X2  4- (r -f- s)  x  +  rs.     (mod.  p). 
Hence, 


r  -f-  s  ^-'  m  1 
rsl^  n  j 


(mod.  p). 


(r  — s)2^— 4  (a  +  2l2)     (mod.  p). 


(1)  Hilbert.  p.  201.  (2)  Hilhert,  p.  195. 
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1.     If  I — J  = —  1,  then  x*4-™x  -^  n  is  irreducible  and  we  have 

F(«)  =  (x-f-l)2(x*  +  mx  +  n)     (mod.  p) 

and  hence 

(p)  =  (p,  0-hl)2(p,  02  +  mO-f  n). 

f.     If  f~"^*~^ -]  =  -r  1,  then  let  r  —  s  =  k  be  a  golution  of 

(r  —  8)2  ~  —  4  (a-f-2l2)  (mod  p)  and  we  get  r  and  s  from  the  con- 
gruences 

\  (mod.  p). 
r  —  8  —  k  J 

We  have  then 

F(x)-(x  +  l)2  (x-hr)  (x  +  8)     (mod.  p) 

and  hence 

(p)  =  (p,  G  -f  1)2  (p,  O  +  r)  (p,  B  4-  8). 

Case  II,     p  =b  A. 
In  this  case  we  have  the  two  relations 

fi(ei-l)  -f  fjea  -1)  +  fje,  -1)  -f  ^(e^  -  D  =0. 
fiCi  +  f ae, -f  f,e, -f  ^64  =  4. 
Now  since  /\,  is  the  only  prime  which  is  divisible  bv  the  square  of  a  prime 
ideal,  the  relations  given  above  show  that  p  can  be  factored  in  one  of  the  follow- 
ing ways : 

1.  (p)  =  Ai  .  A3  .  A3  .  A4  where  AijAajAgjA^  are  all  of  Ist  degree. 

2.  (p)z=  Ai  .  Aj  .  A,  where  Aj  is  of  2(1  degree  and  Aj.Aj  of  Ist  de- 

gree. 

3.  (p)  r=  A,  .  A2  where  Aj  and  A,  are  both  of  2d  degree. 

4.  (p)  =  Ai  .  A^  where  A^  is  of  Ist  degree  and  Aj  of  3d  degree. 

5.  (p)  =:  Ai  where  Aj  is  of  4th  degree,  in  which  case  (p)  is 

a  prime  ideal. 
Hence  F(x)  can  be  factored  in  one  of  the  following  ways : 

1.  F(x):^-Pi(x)  .  P2(x)  .  P3(x)  .  P4(x)     (mod.  p). 

2.  F(x)  =  Pi(x)  .  P2(x)  .  Ps(x)  (mod.  p). 

3.  F(x)  =  Pi(x)  .  P:i(x)  (mod.  p). 

4.  F(x)=Pi(x)  .  P2(x)  (mod.  p). 

5.  FvX)r_:Pi(x)  (mod.  p). 

where  Pi(x)  is  a  prime  function  of  the  same  degree  as  the  corresponding  \  . 


In  order  to  decompose  F(x)  into  its  ])riiDe  factors  with  respect  to  the  modulus 
p  we  fret 

x*  +  ax2-f  bx  +  c=(x  +  l)  (x»— lx2  +  mx  +  n)     (mod  p). 

=  x^  +  (m  -  P;  X*  -h  (n  -f  Im)  x  +  In     (mod  p) 
hence, 

n  +  lm  =  b  (■  (mod  p). 
ln  =  c  j 

from  which  we  get 

(I)    I4^al«— blrTT-c.     (mod.  p). 

A)  If  (I)    has  one  solution  only,  then  the  prime  factors  of  F(x)  are 

(x+1)  and  (x*  — Ix^  -|-  mx  +  n)  and  the  required  factorization 
of  p  is 

(P)  =  (P,  0-hl)  (p,  03-10^  +  me  +  n). 

B)  If  (1)  has  two  solutions  1  and  V.     Then  F(x)  contains  two  factors  of 

1st  degree  and  one  of  2d  degree  and  we  have 
F(x)-=:(x  +  l)  (x  +  K)  (x«-fsx+t)     (mod.  p). 
where 

8~-(l  +  K) 


8~-(l  +  K)  ) 


and  hence, 

(P)  =  (P,  «  +  i)  (P,  e  +  n  (p,  G^  +  se-ft). 

C)  If  (1)  has  three  solutions  in  which  case  it  evidently  mast  have  four 

solutions  1,  V  V  V'\  then 
F(x)  =  (X  +  1)  (X  +  n  (X  -f  n  (X  -f  rO     (mod.  p). 
and  hence, 

(p)  =:  (p,  o  4- 1)  ( p,  o  -j- 10  (p,  B  -f  n  (p,  e  +  ro. 

D)  If  (I)  has  no  solution,  F(x)  has  no  factors  of  Ist  degree.     Then  we 

set 
F(x)  —  (x^  -\-  mx  +  n)  (x*  —  mx  +  n^)  (mod.  p). 

^x^  -[-(n  +  n^  — m^)  x"  -f  m  (n''  —  n)  x  +  nn'      (mod.  p). 
Hence, 

n  +  n''  —  m^  — a 
(2)         m(n' — n)=:b  -    (mod.  p). 

nn'^  c 
If  the  system  (2)  is  soluble  we  have 

F(x)— x^  +  mx  4-n)  (x^— mx  +  nO     (mod.  p). 
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and  hence, 

(P)  =  (p,  e2  +  me  +  n)  (p,  e«  -  me  +  n')- 
If  (2)  is  insoluble,  F(z)  is  irreducible  and  hence   (p)  is  a  prime  ideal. 
As   an    application  we  give  a  table  of  the  prime  ideal  factors  of   certain 
rational  primes  in  the  number-field  generated  by  a  root  e  of  the  equation 

X*  +  X  -h  1  =  0. 
Here  /^  =  229  and  we  get 

(229)  =  (229,  O  —  75)  2  (229,  e^  —  79e  —  71 ) 

(2)  =  (2) 

(3)=  (3,  e  +  2)  (3,  0«  -I-  GM  0  -f  2) 

(5)  =  (5,  e  +  2)  (5,  e«  4-  3e2  +  40  +  3) 

(7)  =  (7) 

(ii)=3(ii,  e  +  4)  (11,  e»— 4o»4-i6e  +  3) 

(13)  =  (13) 

(17)  =  (17,  e  — 3)  (17,  03  4-302—86  —  6) 
(19)  =  (19,  0  —  2)  ( 19,  03  +  202  -I-  40  -I-  9) 
(23)  =  (23,  e  -I-  4)  (23,  0  +  5)  (23,  02  —  90  —  8). 


Dissociation-Potentials  of  Nbvtral  Solutions  of  Lead  Nitrate 
WITH  Lead  Peroxide  Electrodes. 

[Abiiract.l 
By  Arthur  Kendrick. 

To  determine  if  in  such  solutions  and  with  lead  peroxide  electrodes 
electrolytic  action  takes  place  at  voltages  lower  than  that  required  for 
the  separation  of  lead  and  lead  peroxide  with  platinum  electrodes,  the 
method  developed  by  Nernst*  and  Lie  Blanc*  was  made  use  of. 

Two  platinum  wires  coated  with  a  tliick,  firm  crust  of  lead  peroxide 
virere  first  used  as  electrodes.  The  current-potential  curves  obtained 
showed  sharp  bends  at  about  0.4  volt.  To  determine  at  which  electrode 
the  action  at  this  voltaj?e  took  place  an  electrode  was  made  of  a  platinum 
wire  projecting  1mm  from  a  staled  ^lass  tube.  This  point  was  coated 
T^ith  the  lead  peroxide  before  use  each  time.     The  other  electrode  con- 


1.  W.  Nermi,  Berioht.  d.  deuUchen  ch.  Qeiel.  30,  p.  1547, 1897. 
L.  Glaser,  Zeit.  fUr  Electrochemie,  4,  p.  355, 1898. 

B.  Bofe,  Zeit.  lUr  EIeotrochemie,5,  p.  153, 1899. 

2.  LeBUno,  Zeit.  ftir  ph.  Chemie.  12,  p.  333, 1892. 
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sisted  of  a  piece  of  platinum  foil  of  several  square  c.  m.  area,  coated  with 
lead  peroxide.  Thus  the  two  areas  were  vastly  different;  and  nearly  the 
whole  of  the  polarization  occurred  at  the  point  electrode,  which  was  used 
successively  as  anode  and  as  kathode. 

When  used  as  anode  the  current-potential  curves  showed  the  bend  at 
about  0.4  volt.  But  used  as  kathode,  the  several  curves  were  not  in  as 
good  mutual  agreement,  and  do  not  clearly  indicate  a  particular  voltage 
at  which  action  at  that  electrode  begins.  The  general  indications  are 
that  the  lead  appears  at  a  voltage  considerably  less  than  that  required 
to  separate  lead  on  a  platinum  kathode,  and  that  the  peroxide  is  reduced. 
The  irregularities  that  may  mask  the  critical  voltage  seem  to  be  due  to 
local  concentration  changes  around  the  electrode. 

PbOa  seemed  to  form  at  the  anode  at  the  voltage  0.4. 


Some  Observations  with  Rayleigh's  Alternate   Current 

puasemeter. 

By  E.  8.  JoHONNOTT,  Jr. 

Tliis  instrument  in  the  field  of  alternate  current  measurements  takes 
a  place  similar  to  that  of  the  galvanometer  in  direct  current  measure- 
ments; with  some  advantages,  and  also  with  some  disadvantages.  For 
example,  its  indications  may  represent  either  current  or  electromotive 
force,  and  the  angle  of  lag  and  true  watts  in  a  circuit  may  be  obtained 
by  a  simple  calculation.  However,  its  indications,  as  in  all  other  alternate 
current  meters,  vary  as  the  square  of  the  current;  hence  Its  range  of 
sensibility  is  limited. 

Tlie  principal  feature  of  the  instrument  is  the  ease  with  which  it 
gives  the  angle  of  lag  of  the  current  in  a  circuit  behind  the  electromotive 
force  impressed  at  its  terminals.  Also  when  once  calibrated  it  gives  all 
the  quantities  needed  to  determine  the  energy  absorbed  in  a  conductor. 

Similar  to  the  tangent  galvanometer  it  consists  of  an  iron  magnet 
suspended  in  the  field  of  the  current  whose  value  is  required. 

Fig.  I  is  a  horizontal  sectional  view  of  the  form  used  by  Lord  Rayleigh. 
M  rf^preseuts  the  current  coll,  and  is  connecteii  in  series  with  the  con- 
ductor on  which  the  measurements  are  desired  to  be  made.  /8f  represents 
the  E.M.F.  coil  and  is  shunted  across  the  terminals  of  the  conductor. 
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Between  the  coils,  M  and  8,  with  Its  center  on  their  common  axis,  a  piece 
of  soft  iron  wire  is  suspended  at  an  angle  of  45*^  to  the  axis  of  the  coils. 

In  the  instrument  with  which  the  following  observations  were  made, 
the  coil  M  consisted  of  72  turns  of  No.  22  copper  wire  wound  in  two 
sections  having  48  and  24  turns  respectively.  S  was  similarly  wound 
with  No.  28  manganin  wire  and  had  a  resistance  of  668  ohms.  Each  was 
made  adjustable  along  their  common  axis  for  a  distance  of  13  centimeters. 
The  needle  was  suspended  with  a  fine  phosphor-bronze  torsion  fiber. 
The  deflections  were  measured  with  mirror  and  scale. 

If  an  alternating  current  is  sent  through  either  of  the  coils,  the  needle 
becomes  a  magnet  acted  upon  by  a  couple  depending  upon  the  instan- 
taneous value  of  the  current.  The  couple  will  be  in  the  same  direction 
whatever  the  direction  of  the  current.  In  short,  it  will  vary  as  the  sine  of 
twice  the  angle  theta  and  as  the  mean  of  the  square  of  the  current  values. 
Since  the  couple  varies  as  the  sine  of  twice  the  angle  theta,  it  will 
be  a  maximum  for  theta  =  45**.  Here  also  will  be  the  position  far  the 
least  sensitiveness  to  change  in  the  zero. 

In  order  to  use  the  instrument  as  a  phasemeter,  readings  of  the  deflec- 
tion produced  by  the  current  in  M,  and  the  fall  of  potential  in  8  are  tal^en 
independently.    Then,  usually,  two  readings  of  the  deflection  produced  by 
the  currents  in  both  coils  simultaneously  are  taken— one  in  which  both 
couples  act  in  the  same  direction,  the  other  when  they  act  in  opposite 
directions.     The  values  of  these  two  latter  readings  depend  upon  the 
angle  of  lag,  and  together  with  the  reading  for  the  currents.  Independ- 
ently, give  suflacient  data  for  its  computation. 
The  calculatiou  may  be  made  m  two  ways: 
(1)     Analytically. 
(t)     Graphically. 
In  the  first  method, 

Ci2  =  A2  4-B2  -f  2ABco9<^ 
Cj*  =  A'-*  f  B2  —  2AB  cos  ^  when 
A*  is  the  deflection  with  M  acting  independently. 
B*  is  the  deflection  with  S  acting  independently. 
C{  and  C|  is  the  deflection  with  M  and  S  acting  simultaneously. 
0  may  be  found  from  either  equation. 
In  the  second  method,  two  triangles  are  laid  off  with  their  sides  proportional 
to  the  square  roots  of  the  readings.     The  angle  of  lag,  9,  is  given  in  either  case  at 
shown  in  Fig.  II. 
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Considerable  range  In  sensibility  for  botli  coils  is  obtained  by  adjust- 
ing them  at  different  distances  from  the  needle.  Some  idea  of  this  range 
may  be  obtained  through  inspection  of  the  curve  given  in  Fig.  3. 

This  was  taken  with  the  coil  S,  having  a  constant  B.M.F.  of  69.835 
volts  at  its  terminals.  The  abscissae  represent  the  distances  of  the  coil 
from  the  needle;  the  ordinates,  the  corresponding  value  of  the  deflections 
on  the  scale. 

Both  coils  were  calibrated  at  different  distances  from  the  needle  with 
the  Thomson  balances.  Fig.  4  represents  curves  tal^en  with  the  coil,  If, 
and  shows  no  appreciable  departure  from  the  law  of  the  squares. 

In  order  to  facilitate  taking  the  readings,  compensating  coils,  M'  and 
*S',  Fig.  5,  were  arranged  in  the  circuit  for  M  and  8  respectively,  so  that 
the  conditions  within  the  conductor  on  which  the  observations  were  being 
made  remained  the  same  when  either  If  or  fif  was  cut  out.  This  obviated 
removing  either  coil  when  the  reading  due  to  the  current  in  the  other  was 
desired. 

In  Fig.  5  is  shown  a  diagram  of  the  connections  used  in  making  an 
observation  for  the  angle  of  lag  in  a  circuit  which  is  here  shown  to  be  a 
coil,  Jy  on  a  split  anchor  ring.  X  and  M  are  connected  in  series  in  the 
secondary  of  a  one-to-one  transformer,  in  order  to  have  no  appreciable 
impedance  in  the  circuit,  other  than  X.  The  electrical  conditions  in  this 
circuit  were  then  controlled  by  the  resistance  and  choking  coil  in  the 
intermediate  circuit.  One  commutator  was  arranged  in  the  shunt  circuit 
to  reverse  the  current  in-S*.  another  to  substitute  the  compensating  coil 
8'  for  8. 

One  of  the  greatest  difliculties  encountered  in  measurements  of  this 
character  is  due  to  unsteadiness  in  the  source.  Particularly  is  this  true 
when  all  the  readings  can  not  be  taken  simultaneously.  This  may, 
however,  in  a  measure,  be  overcome  by  arranging  an  auxiliary  voltmeter 
similar  to  the  E.M.F.  coil,  S,  with  its  terminals  connected  across  the  ter- 
^minals  of  the  secondary  of  the  city  transformer.  The  phasemeter  readings 
are  then  taken  when  the  deflection  due  to  their  auxiliary  coil  is  constant. 

With  respect  to  accuracy  the  phasemeter  as  a  current  meter  is  per- 
fectly similar  to  the  galvanometer. 
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Some  measurements  on  hysteresis  and  the  effect  of  iron  in  the  mag- 
netic circuit  have  been  undertalcen.  It  would,  however,  be  too  premature 
to  take  up  their  description  at  this  time. 

The  instrument  wWch  has  been  described  was  built,  largely,  by  Mr. 
Edwin  Place,  formerly  connected  with  the  Institute.  He  made  many 
observations  similar  to  those  above  recorded. 

I  should  lilce  to  take  this  opportunity  to  thank  Dr.  Gray  for  his  many 
suggestions  and  for  the  removal  of  a  number  of  stumbling  blocks. 


A  Demonstration  Apparatus. 
By  p.  N.  Evans. 

The  apparatus  is  a  simple  modification  of  that  commonly  used  to  com- 
pare, by  diffusion,  the  density  of  another  gas  with  air.  It  consists  of  a 
porous  battery-cell  placed  horizontally  and  fitted  by  a  stopper  to  a  glass 
tube  bent  downwards  at  right  angles  a  few  inches  from  the  stopper, 
and  then  upwards  again  to  its  original  height  This  U-shaped  manometer 
is  about  two  feet  long  and  half  filled  with  a  dark-colored  liquid;  the  limbs 
are  close  enougli  together  to  make  a  slight  difference  of  level  easily  seen, 
against  a  white  background  fastened  to  the  tube.  To  further  increase  the 
sensitiveness  of  the  instrument  a  perforated  glass  plate  or  heavy  card  is 
secured  between  two  corks  on  the  horizontal  part  of  the  tube  close  to  the 
cell,  so  that  the  cylinder  or  beaker  of  gas  to  be  examined  may  be  pressed 
lightly  against  this,  and  thus  largely  prevent  loss  of  the  gas  before  suffi- 
cient time  has  elapsed  to  show  the  maximum  deviation  in  the  manometer. 

While  the  ordinary  apparatus  is  recommended  for  demonstration  only 
with  gases  differing  considerably  from  air  in  density,  this  modification 
has  given  very  satisfactory  results  with  hydrogen  sulphide,  and  even 
oxygen,  with  densities  of  1.18  and  1.11  respectively,  a  difference  In  level 
of  at  least  an  inch  being  observed  in  the  latter  case.  A  slight  effect, 
clearly  visible  to  the  manipulator,  though  not  satisfactory  for  demon- 
stration purposes,  was  obtained  with  nitrogen— density  0.972. 


116 

Still  greater  delicacy  may  be  obtained  by  slauling  tlie  whole  apparatus, 
giving  the  manometer  a  decided  inclination. 


Mbthylation  of  Halogen  Amidbs  with  Diazomethane.* 
By  J  as.  H.  Ransom. 

Since  the  classical  worli  of  Hofmann  on  the  rearrangement  of  the 
hnlogon  amides  to  derivatives  of  the  isocyanates  the  mechanism  of  this 
reaction  has  been  the  subject  of  numerous  investigations.  Hoogewerff 
and  van  Dorp  extended  tlie  work  of  Hofmann  and  pointed  out  the  proba- 
bility of  a  similarity  in  this  reaction  and  tliat  linown  as  the  "Beckmann 
rearrangement"  of  the  oximes.  After  some  more  recent  work  on  the 
broni-amides  by  Lenpfeld  and  Stieglitz,  the  latter,  with  liis  pupils,  studied 
the  influence  of  the  amide  hydrogen  atom  on  the  rearrangement.  He 
found  that  when  tliis  hydrogen  was  replaced  by  an  alkyl  radical  no 
rearrangement  took  place  in  tlie  sense  of  the  Hofmann  reaction,  and 
suggested  as  the  simplest  and  most  reasonable  explanation,  that  at  some 
early  stage  of  the  reaction,  under  the  influence  of  the  alkali,  the  molecule 

"^Thii  work  was  undertaken  during  the  pMt  summer,  at  the  UniTeriity  of  Chicago,  in 
company  with  Dr.  Julini  Stiegliti. 
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lost  hydrobromlc  acid,  leaving  monovalent  nitrogen,  which,  by  its  reac- 
tivity, drew  to  itself  the  radical  originally  attaclied  to  carbon.  As  Sticg- 
litz  has  pointed  out,  this  explanation  would  account  for  tlic  Heckmann 
rearrangement,  and  for  that  of  tlie  acid  azides. 

It  seemed  not  without  interest,  therefore,  to  «leterniine  experimentally 
the  position  of  the  amide  liydrogen  in  the  halogen  .iniide  molecule.  The 
two  possible  positions  of  this  atom,  K  ('O— N  U/Cl  and  RG— (OH)=N  Ol, 
correspond  to  the  two  classes  of  alkyl  derivatives,  chlor  alkyl  acid  amides. 
R  CO  N  R/Cl,  and  chlorimido  acid  esters,  whose  properties  are  now 
known.  But  the  fact  that  tlie  salts  of  such  a  mole<ule  may  liave  a  differ- 
ent constitution  from  that  of  the  free  acid  would  make  quite  uncertain  any 
conclusions  drawn  from  the  results  obtained  from  the  usual  methods  of 
introducing  an  alkyl  radical. 

Von  Peckmann  has  shown  that  substances  of  ;ni  a(i«l  character  react 
readily  with  diazomethane,  forming  a  methyl  derr».;tive  of  the  substance. 
the  methyl  entering  where  the  hydrogen  was  attached.  As  the  reaction 
is  carried  out  with  the  free  acid  in  absolute  etherenl  scdution  the  proba- 
bility of  a  rearrangement  of  the  molecule  during  the  process  of  methyla- 
tion  is  reduced  to  a  minimum.  Ransom  has  shown,  also,  in  two  cases, 
that  this  method  of  methylation  can  be  used  to  advantage  in  dwiding 
delicate  questions  of  constitution. 

With  these  ideas  in  view,  the  following  work  was  undertaken:  Henz- 
chloramide  is  best  made  by  adding  a  solution  of  chloride  of  lime  to  a  cold 
saturated  solution  of  benznmide,  which  had  previously  b(^n  acidified 
vr\th  acetic  acid,  and  extracting  the  oil  which  is  formed  with  ether. 
On  drying  the  ethereal  solution  with  calcium  chloride  and  evaporating 
the  ether  in  vacuo  without  heating,  a  crystalline  i'esi<lue  results  which 
after  recrystallizing  from  benzol  was  foimd  to  be  08.1  per  cent.  pure. 
The  purity  was  determineil  by  finding  the  percentage  of  active  chlorine 
in  the  substance,  by  adding  potassium  iodide  to  a  dilute  alcoholic  solution 
and  titrating  the  free  iodine  with  sodium  thios\ilphate.  An  ethereal 
solution  of  diazomethane  was  then  prepare<l  nnd  some  of  the  benzcblora- 
mide,  suspended  in  a  little  ether,  added  to  it  until  the  yellow  color  of 
the  diazomethane  had  nearly  disapi>eared.  Nitrogen  was  evolve<l  in  large 
quantities.  When  the  action  had  ceased  the  ether  was  evaporated  and 
there  was  left  an  oil  with  a  peculiar  but  not  unpleasant  ethereal  odor. 
The  oil  did  not  solidify  even  in  a  freezing  mixture.  Some  of  it  was  dis- 
solved  in   ligroin   and   dry   hydrogen   chloride   passe<l   into   the   solution. 
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Ghlorlue  was  evolved  and  a  V7hite  solid  separated  vrhicli  was  very  soluble 
In  water.  The  aqueous  solution  after  standing  some  time  gave  off  a 
distinct  odor  of  benzole  ether  (CeHtCOOGHa).  Caustic  soda  separated 
from  the  solid  an  oil  which  had  the  characteristic  odor  of  benzlmldo  ether 
(  CgHsdiMi' ).  ^  quantity  of  the  salt  was  heated  in  a  bath  to  118'. 
A  gas  (CH,C1)  was  evolved  which  burned  with  a  green  flame,  and  In  the 
tube  there  remained  a  crystalline  substance  which  proved  to  be  benza- 
mlde.  Some  of  the  methylated  chloramide  was  suspended  In  water  and 
reduced  with  hydrogen  sulphide.  When  the  oil  had  become  dissolved 
the  solution  was  poured  from  the  free  sulphur  and  distilled  with  a  con- 
centrated solution  of  caustic  soda,  the  distillate  being  collected  in  hydro- 
chloric acid.  Tills  distillate  was  evaporated  to  dryness,  and  the  residue 
extracted  with  absolute  alcohol.  Very  little  dissolved  in  tlie  alcohol  and 
no  trace  of  methyl  amine  could  be  detected,  nor  of  aniline  by  using 
either  the  delicate  Jacquemlne  test  or  the  isocyanide  reaction.  The  prop- 
erties of  this  substance  therefore  and  Its  reactions  correspond  In  every 
detail  with  what  would  be  expected  from  the  constitution, 

f^  TT  r-  — 0CH3 

^6  "5*^   -NCI. 

Besides,  benzchloramlde  Is  a  fairly  strong  acid,  as  Its  alcoholic  solution 
can  be  titrated  against  standard  caustic  alkalis,  using  either  phenol- 
phthalein  or  litmuH  as  indicator.  This  acidity  Is  not  due  to  hydrolysis^  thus 
forming  free  hydrochloric  acid,  since  It  gives  with  silver  nitrate,  even 
on  standing,  only  a  trace  of  silver  chloride.  A  solution  of  the  substance 
therefore  contains  hydrogen  ions,  a  thing  not  to  be  expected  on  the  suppo- 
sition of  an  amide  hydrogen.  We  may  conclude  therefore  that  benzchlor- 
amlde contains  an  hydroxyl  group. 

Attempts  were  made  to  extend  the  Investigation  to  other  amides,  viz., 
m— nitrobenzamide  and  anisic  acid  amide.  The  chloramide  of  the  former 
however  was  found  to  be  so  unstable  even  at  0°  that  work  on  It  was 
discontinued  for  the  time.  Anisic  acid  chloramide  Is  also  unstable,  but 
at  —5**  enough  of  it  was  obtained  to  try  the  action  of  dlazomethane 
upon  it.  The  bleaching  powder  method  was  the  one  used  to  make  the 
chloramide,  but  it  always  contained  some  of  the  dichlorlde,  which  was 
then  converted  into  the  monochloride  by  dissolving  In  caustic  soda  and 
reprecipitating  It  with  acetic  acid.  As  the  least  excess  of  acid  decom- 
poses it  completely,  the  yields  are  very  poor.  A  small  amount  of  the 
substance,  about  90  per  cent,  pure,  was  methylated  as  described  above. 
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An  oil  was  obtained  whicb,  wlien  dry  liydrogen  cliloride  was  passed  into 
Its  solution,  evolved  chlorine,  «nnd  deposited  an  oily  solid  salt.  At  115**- 
120°  it  lost  methyl  chloride  iind  there  remaineil  a  crystalline  substance 
which,  however,  was  not  the  amide  and  containfMl  chlorine.  This  was 
saponified  with  caustic  soda,  but  the  acid  formeil  melted  at  205 ** -210° 
and  still  contained  clilorine.  It  is  evident  that  at  some  staj^e  the  benzene 
ring  became  chlorinated.  But  the  fact  that  methyl  cbloride  was  evolved 
on  heating  indicates  that  the  methyl  was  united  to  oxyjj:en. 

A  little  preliminary  work  was  done  with  the  Virom-amides,  they  being 
more  easily  prepared  pure  than  the  corresponding  chlor  derivatives. 
While  the  results  were  not  conclusive,  they  indicated  that  either  methyla- 
tion  occurred  on  the  nitrogen  atom  or  that  a  rearrangement  of  the  amide 
to  the  amine  had  t^ilien  place.  For  a  distinct  isonitril  odor  was  observed 
when  the  saponified  product  was  boiled  with  chloroform  and  caustic 
potash.  Besides  when  m-nitro  benzbromamide  was  methylated  a  sub- 
stance was  obtained  witli  quite  different  properties  from  those  in  the 
former  cases.  It  contained  a  large  amount  of  bromine,  though  almost 
inactive.  A  small  amount  of  the  substance  gave  a  distinct  test  for  form- 
aldeliyde  (resorcin  and  sulphuric  acid).  Tliis  might  indicate  that  a 
molecule  of  the  brom  amide  had  added  itself  to  the  methine  (CH.)  group, 
thus: 

RCoNgj.-fCH2       -  RCo  NH  — CH2  Br. 

This  on  saponification  would  give  a  derivative  of  formaldehyde  and 
would  contain  inactive  bromine. 

The  worli  will  be  extended  in  this  and  other  directions  as  soon  as 
opportunity  offers. 


Note  on  tue  Apparent  Deterioration  of  Formalin. 
By  Thomas  Large. 

Attention  of  chemists  and  naturalists  is  calle«l  to  the  following  facts: 
A  stock  of  formalin,  purchased  from  a  prominent  lirm,  for  40  per  cent, 
formaldehyde,  was  kept  at  the  Biological  Station  of  Illinois  for  three 
years,  where  it  was  subjected  to  Avinter  temperatuies.  Wlien  tempera- 
ture was  low  a  precipitate  of  white  paraform   (?)   appeared,   and  was 
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redissolved  with  higher  temperatures.  lu  the  past  summer  some  difficulty 
was  experienced  with  it  in  preserving  larger  fishes  in  warm  weather. 
A  sample  of  the  formalin  was  submitted  to  Dr.  Palmer,  Professor  of 
Chemistry  in  the  University  of  Illinois,  for  examination.  The  following  is 
Ills  report  on  it:  **We  find  that  it  contains  Z8l<2  per  cent,  of  formic  alde- 
hyde. This  is  practically  the  quantity  that  is  supposed  to  be  contained  in 
commercial  formalin,  i.  e.,  40  per  cent,  formic  aldehyde.  I  find  that  nearly 
one-half  of  the  formic  aldehyde  is  polymerized,  i.  e.,  about  18%  per  cent, 
is  in  the  form  of  the  polymer  tri-oxy methylene.  I  am  not  bufficiently 
familiar  with  the  use  of  the  formalin  as  a  preservative  to  be  able  to 
state  whether  this  ix)lymerization  will  interfere  with  the  use  of  the 
formalin  as  a  preservative,  but  would  suggest  that  possibly  the  formalin 
has  proved  unserviceable  because  nearly  half  of  the  constituent  which 
is  expected  to  do  the  work  is  in  the  form  of  the  polymer,  and  probably 
unserviceable.*' 


Notes  on  the  Examination  of  Vegetable  T'owders. 
By  John  8.  Wright. 

[Abstract.! 
Brief  accounts  were  given  of  the  metliods  employoil  in  preparing 
vegetable  powders  for  microscopical  studies,  especially  through  the  use 
of  clearing  and  other  microchemicnl  reagents.  References  were  made 
to  the  work  previously  done  along  this  line  and  to  the  literature  of  the 
subject.  Histological  characters  of  vegetable  powders  were  discussed, 
particular  attention  being  paid  to  the  value  of  the  microscope  as  a  means 
of  identifying  and  detecting  adulterations  in  granulated  and  powdered 
drugs  and  spices. 


The  Staining  of  Vegetable  Powders. 
By  John  8.  Wright. 

[Abstract.] 
The  use  of  difTerential  stains  to  aid  in  the  study  of  the  histological 
elements  of  vegetable  powders  is  in  many  Instances  important     If  in 
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the  study  of  a  powtua*  it  may  be  i^taiueil  differentially  to  correspond  with 
the  staining  which  can  be  employed  upon  various  sections  made  of  the 
original  crude  material,  it  be<*omes  much  easier  to  refer  the  minute 
granules  and  fragmentary  elements  to  the  tissues  from  which  they  orig- 
inated. 

There  are  two  ways  by  which  wo  may  produce  differentially  stained 
powders  for  microscopical  examination.  The  lirst  and  simplest  is  to  make 
thick  (^^-i/4mm)  transverse  sections  of  the  tissues  to  be  studied.  These 
may  then  be  stained  in  tlie  usual  manner,  after  which  they  are  triturated 
in  a  mortar  to  a  No.  00,  80  or  100  powder,  as  tlie  case  requires.  Such 
powders  are  differentially  stained  in  a  satisfactory  manner,  but  the  frag- 
ments and  cell  masses  often  show  truncated  ends,  due  to  sectioning, 
which  are  not  found  in  powders  produced  wholly  by  grinding. 

While  the  above  process  is  an  aid.  to  the  proper  understanding  of 
powders  it  is  not  of  direct  service  in  the  great  number  of  eases  in  which 
the  microscopist  is  required  to  determine  the  identity  and  purity  of 
powders.  In  such  instances  any  staining  method  to  be  of  service  must 
enable  the  operator  to  differentially  stain  the  powders  directly.  This  may 
be  accomplished  by  placing  about  %  or  Mj  g^nfi.  of  the  powder  in  a  glass 
tube  (50  to  60mm  long  and  10  to  15mm  in  diameter),  one  end  of  which 
has  been  closed  by  tying  over  it  a  piece  of  closely  woven  white  silk  cloth. 
Resting  on  this  cloth  bottom  the  powder  may  be  treated  with  the  various 
bleaching  fluids,  washed,  double  stained,  deliydraded  and  cleared  for 
mounting  by  allowing  the  tube  to  stand  in  watcli  glasses  into  which  the 
stains  and  reagents  have  been  poured.  In  tliis  way  a  number  of  iwwders 
each  in  a  separate  tube  may  be  treated  at  the  same  time.  Owing  to  the 
grcmt  capillarity  of  fine  powder  it  may  often  be  nei'essary  to  promote  the 
drainage  and  washings  by  blowing  on  tlie  free  end  of  the  tube  with  the 
mouth;  in  this  way  it  is  possil)le  to  make  rapi<l  transfers  from  one  reagent 
to  another. 


CRYPTOciAMic  Collections  Made  Durin(;  the  Year. 
By  M.  B.  Thomas. 

During  the  past  year  some  very  interesting  collections  of  cryptogams 
have  been  made  in  the  local  flora  of  Montgomery  County. 

9— A.  OF  SCIINCI. 
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These  have  been  studied  with  special  care  and  added  to  our  already 
very  complete  list  of  the  plants  of  the  local  flora.  Very  careful  notes  have 
been  secured  as  to  the  distribution,  variations  and  other  important  ques- 
tions connected  with  the  plants  as  collected. 

During  the  early  part  of  the  year,  in  connection  with  the  woric  in 
forestry,  a  collection  was  made  of  the  fungi  injurious  to  timber  in  our 
locality.  The  number  of  species  was  not  as  large  as  could  reasonably  be 
expected,  and  it  seems  that  most  of  the  devastation  by  fungi  in  our  native 
forests  is  produced,  in  the  main,  by  a  very  imited  number  of  species. 

Some  additions  have  been  made  to  our  list  of  algae  and  a  few  to  the 
collection  of  mosses.    The  latter  list  now  includes  :^0  species. 

Our  most  important  contribution  to  the  State  flora  is  in  the  slime 
moulds. 

During  the  past  summer  two  students.  Messrs.  H.  H.  Whetzel  and 
A.  A.  Taylor,  devoted  much  time  to  this  group.  Tlie  result  is  an  addition 
of  31  species  to  our  list  presented  to  you  two  years  ago  by  Mr.  Olive. 
This  now  gives  us  a  total  of  77  myxomycetes  in  Montgomery  County. 
In  addition  to  this  we  now  have  on  hand  some  material  not  yet  worked 
over,  and  doubtless  several  species  in  this  are  not  includeil  in  our  list. 
This  is  all  the  more  interesting  when  we  consider  that  our  county  is  not 
particularly  adapted  to  these  forms  of  plant  life  and  that  tlie  number 
reported  is  nearly  two-fifths  of  the  whole  number  found  tlnis  far  in  the 
United  States. 

The  additions  to  the  list  are  as  follows.  The  classification  used  is  the 
one  presented  by  Lister  in  his  Mycetozoa. 

Order  Ceratomyxar^ae, 

Ceraiomyxa  mucida  Schroet. 
Order  Physaraceae, 

Plymrum  polymorphum  var.  ohruMeum  Rost. 

Physarum  calidrU  Lister. 

Physarum  newtonx  Macbride. 

Phy$arufn  eompaetum  Lister. 

Physarum  globuliferum  Pers.  (Ball). 

Physarum  ^a/6«um  Wingate. 

Chondrioderma  spumarioidea  Rest. 
Order  Didymiaceae, 

Didymium  dubium  Rost. 

Didymium  farinaeeum  8chrader. 
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Order  Stemonttaeeae. 

SttmonUiif  tenennma  B.  and  C,  Morg. 

Stemonitis  sjnithii  Macbride. 

Stemonitia  webberi  Rex. 

Stemonitis  confiueriii  Cook  and  Ellis. 

Comatrichia  obtusata  PreuBS. 

Comatnchia  persoonii  Rost. 

Comatrichia  laxa  Rost. 

Lamproderma  arcifrionema  Rost. 
Order  Reticulariaceae. 

Enteridium  rozeanum  (Rost)  Wingate. 
Order  Heterodermaceae. 

Lindblandia  luhulma  Fries. 
Order  Lycogalaceae, 

Lycogala  exxguum  Morg. 

LycogaXa  jlavo-futcum  Rost. 
Order  Arey^rxacea^, 

Arcyria  incarnata  Pers. 

Arcyria  oei'Stediii  Rost. 

Arcyria  digitata  (Schw)  Rost. 

Arcyria  feiTuginea  Sauter. 

Arcyria  cinerea  (Bull)  Pers. 
Order  Trichiaceae. 

Bemitrichia  intorta  Lister. 

Heviitrichia  kardenii  ( Rost)  Lister. 

Trichia  ruhiformis  Pers. 


EXPERLMENTS    WITH    SmUT. 
By  M.  B.  Thomas. 


On  two  previous  occasions  I  liave  reported  to  the  Academy  some 
special  progress  made  with  experiments  with  formalin  as  a  fungicidal 
agent 

The  first  report  included  the  results  of  a  series  of  experiments  upon 
the  effects  of  formalin  in  different  strengths  ot  solution,  with  varying 
periods  of  time,  on  the  germinating  power  of  a  number  of  cereals. 
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The  second  report  was  the  result  of  a  practical  field  experiment  based 
on  the  facts  discovered  by  tlie  earlier  investigations.  The  conditions  of 
this  field  experiment  were  not  as  trying  or  severe  as  might  be  desired, 
and  although  the  results  were  liighly  gratifying,  yet  they  did  not  seem 
a«  conclusive  as  we  could  wisli.  Accordingly,  the  past  summer,  another 
field  experiment  on  a  somewhat  larger  scale,  was  tried  in  a  part  of  the 
State  where  the  smut  of  oats  has  been  very  destructive. 

The  trial  was  conducted  on  the  farm  of  Chas.  Halcer,  Nol>le  County. 

The  last  week  in  April  three  acres  of  oats  were  sown  in  three  plats, 
the  seed  being  treated  respectively  40,  fJO  and  90  minutes  in  a  solution  of 
one  part  of  commercial  formalin  to  200  parts  of  water.  The  seed  was 
scattered  broadcast  without  drying.  Alongside  of  these  areas  was  sown 
a  field  of  untreated  seeds.  All  of  the  seed  used  was  from  a  previous  crop 
of  smutty  oats  that  was  very  much  infested. 

No  diflferonce  was  noted  in  the  time  of  germination  of  the  several  lots, 
but  the  treated  seeds  produced  plants  that  were  more  uniform  and  better 
developed  than  those  from  the  untreated  ones. 

At  the  time  of  cutting  the  difference  l>etween  the  two  fields  was  very 
striking.  Fully  15  per  cent,  of  the  lieads  of  the  untreated  seeds  were 
smutty,  while  not  one  stalk  of  the  plants  from  the  treated  seeds  showed 
any  signs  of  smut.  The  whole  experiment  was  conducted  by  the  owner 
of  the  place  from  direi'tions  and  material  furnisheil  by  the  d(»partmcnt 
and  the  results  were  examined  by  one  of  our  students.  Of  the  three 
separate  lots  of  treated  seeds  the  ones  soaked  for  00  minutes  seemed  to 
be  the  best,  and  that  time  is  recommended  as  safe  and  efl3cient  for 
treatment.  Comment  on  this  experiment  is  unnecessary,  and  it  is  hoped 
that  these  facts  may  Increase  the  use  of  this  fungicide  to  the  improvomont 
of  our  production  of  oats. 


The  Flora  of  Lake  Maxinkuckee. 
By  J.  T.  ScovELT^ 

Lake  Maxinkuckee  is  situated  In  Marshall  County,  Indiana.  It  occu- 
pies parts  of  sections  15,  16,  21,  22,  27,  28  and  34  of  Township  32  north 
of  Range  1  east  of  the  second  principal  mertdlan.  The  lake  is  a  little 
more  than  two  and  one-half  miles  long  from  north  to  south  and  about 
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one  and  one-half  miles  wide,  having  an  area  of  nearly  1,900  acres.  The 
surface  of  the  lake  is  about  735  feet  above  tide.  It  is  150  feet  above 
Lake  Michigan,  but  130  feet  below  the  summit  of  the  divide  betweeu 
Lake  Michigan  and  the  Wabash  River.  The  lake  is  15  feet  above  the 
Tippecanoe  River  five  miles  south,  aud  about  75  feet  above  English 
Lake,  20  miles  west.  These  elevatious  show  that  tlie  lake  is  on  a  slope 
that  descends  gently  toward  the  south  aud  west.  The  lake  is  uear  the 
southw^estern  angle  of  the  Saginaw  moraine.  The  country  about  the 
lake  is  quite  varied.  There  are  hills  and  valleys,  broad  undulating 
plateaus,  wet  marshes  and  boggy  swamps.  The  soils  are  sand,  gravel, 
boulder,  day  and  swamp  muck.  There  are  more  hills  and  clay  and 
boulders  on  the  east,  more  sand  and  gravel,  more  marshes  and  swamps 
on  the  west.  On  the  east  the  surface  rises  somewhat  abruptly  to  a 
general  level  of  75  or  80  feet  above  the  lake,  some  hills  reaching  an 
elevation  of  about  140  feet.  On  the  west  there  is  a  narrow  divide  25 
to  30  feet  above  the  lake,  then  low  land  and  swamp.  The  confused 
mingling  of  sand,  gravel,  clay  and  boulders,  the  irregular  hills  and  the 
numerous  kettle  holes  indicate  that  tlie  surface  features  about  the  lake 
are  of  glacial  origin.  Just  oast  of  the  center  of  the  lake  there  are  15 
or  20  acres  of  water  that  is  from  <S5  to  00  feet  deep.  This  deepest  water  is 
part  of  some  300  acres  of  deep  water  that  forms  the  central  portion  of 
the  lake.  Fully  (me-half  the  area  of  tlie  lake  is  shallow,  tlie  water  being 
ten  feet  or  less  in  depth. 

Wells  drilled  from  75  to  150  feet  througli  sand,  gravel  and  clay, 
without  reacliing  l)od  rock,  indicate  that  the  lake  bed  is  wholly  composed 
of  morainic  materials.  In  fact  it  seems  to  occupy  a  cluster  of  kettle  holes, 
one  long  and  deep,  surrounded  by  several  of  l(»ssor  size  aiid  depth.  The 
region  drained  into  the  lake  is  quite  limited,  being  scarcely  more  than 
three  times  its  area.  "Tlie  Inlet"  enters  the  lake  from  the  southeast, 
Aubeenaul)ee  Creek  from  the  east,  and  Culver  Inlet,  with  one  branch 
from' the  north  and  one  from  the  east,  enters  the  northeastern  part  of 
the  lake.  These  four  streams,  each  rising  within  two  miles  of  the  lake, 
each  largely  fofl  by  springs,  are  the  principal  inlets.  Several  very  small 
streams,  the  outlets  of  springs,  bogs,  flowing  wells  and  little  swamps, 
contribute  something  to  the  waters  of  the  lake.  "The  Outlet'*  is  a  slug- 
gish stream  which  flows  from  the  west  side  of  the  lake  southerly  into 
the  Tippecanoe  River.  About  80  rods  from  the  lake  the  outlet  expands 
into  a  pond  or  lake,  having  an  area  of  about  60  acres.     This  body  of 
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water  is  shallow,  at  no  place  more  than  12  feet  deep.  The  greater  part 
of  its  bed  is  muddy,  and  two-thirds  of  its  outline  is  marshy.  The  ordi- 
nary variation  in  the  level  of  the  lake  during  the  year  is  less  than  two 
feet.  Such  variation  does  not  materially  change  the  area  of  the  lalte  or 
appreciably  modify  the  various  forms  of  life  that  inhabit  its  waters. 

Perhaps  one-eighth  of  the  outline  of  the  lake  is  low  ground,  marshy, 
swampy  or  boggy.  But  in  general  the  muck  or  black  mud  is  shallow, 
seldom  more  than  two  or  three  feet  in  depth,  and  it  rests  on  a  bed  of 
hard  sand  or  gravel.  From  the  shore  out  to  a  depth  of  six  or  eight  feet 
the  lake  bed  is  of  hard  sand  or  gravel,  even  along  the  low  ground.  At  the 
mouths  of  the  southeast  and  northeast  inlets  there  are  considerable  areas 
of  shallow  mud  over  the  sand,  and  at  the  mouths  of  the  lesser  inlets 
there  is  always  a  little  soil.  But  for  long  distances  along  the  steep  banks 
of  clay  or  gravel  there  is  no  fine  soil,  just  sand  or  gravel.  On  the  north, 
west  and  south  this  bed  of  sand  and  gravel  supports  an  abundant  growth 
of  Ghara,  which  is  generally  of  small  size  and  thickly  crusted  with 
calcic  carbonate.  This  bed  is  also  the  home  of  immense  numbers  of 
bivalve  mollusks.  The  chara  and  shells  of  dead  mollusks  yield  consid- 
erable quantities  of  calcic  carbonate.  At  first  one  would  expect  to  find 
this  material  making  deposits  over  the  bed  of  this  shallow  water.  But 
this  calcic  carbonate  and  other  fine  material  is  swept  away  and  deposited 
in  deei>er  water,  where  it  helps  to  form  the  extensive  marl  beds  of  the 
lake.  During  tlie  summer  there  are  more  winds  from  the  east  than  from 
any  other  quarter,  but  during  tlie  year  there  are  more  westerly  winds, 
and  in  general  tlie  westerly  winds  are  stronger.  There  are  also  many 
northerly  winds  and  many  southerly  winds,  so  that  d\irinjr  tlu*  year 
there  are  numerous  winds  from  each  quarter.  These  winds  pile  up  the 
water  along  the  shores  toward  which  they  blow.  This  causes  more  or 
less  of  an  undercurrent  toward  the  deep  water  which  carries  with  it 
all  the  fine  material  of  the  shallower  water.  As  the  westerly  winds 
are  more  numerous  and  stronger  these  undercurrents  are  stronger  on  the 
east,  carrying  the  fine  material  into  deeper  water,  the  marl  beds  com- 
mencing in  eight  to  ten  feet  of  water  instead  of  in  six  to  eight  feet  of 
water  as  on  the  other  sides  of  the  lake.  The  marl  forms  a  rich  soil  which 
shades  off  into  darker  material  under  deeper  water.  During  the  winter 
ice  forms  to  a  thickness  of  from  15  to  25  inches.  As  the  ice  expands 
it  crushes  against  the  banks  with  great  force.  Where  the  shores  are  low 
the  ice  often  pushes  great  quantities  of  sand  and  other  materials  up  into 
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ridges,  sometimes  two  or  three  feet  higli.  These  ridges  or  ice  beaches 
are  generally  washed  away  by  the  high  water  common  in  spring,  but 
sometimes  they  remain,  malcing  a  distinct  and  somewhat  peculiar  plant 
region.  Along  the  steep  banlcs,  the  boulders  that  have  fallen  to  the  beach 
during  the  summer  are  crowded  against  the  bank  by  the  ice,  malting 
in  some  places  quite  extensive  stone  walls.  With  such  a  variety  of  soils 
as  occur  in  and  about  Lake  Maxinkuckee,  a  varied  13ora  may  be  expected. 
In  the  waters  of  the  lake  there  are  great  quantities  of  microscopic  life, 
called  plankton.  Of  the  microscopic  plants,  protococcus,  rivularia,  oscil- 
larla,  diatoms,  desmids  and  others  are  common  everywhere  in  the  open 
lake,  but  were  most  abundant  among  the  higher  vegetation  along  the 
shores.  Occasionally  rivularia  would  occur  in  such  quantities  as  to  be 
conspicuous  to  the  naked  eye.  Spirogyra,  vaucheria,  oedogonium,  hydro- 
diction,  stigeoclouium,  nostoc,  cladophera,  zygnema,  chetophora,  and 
others  often  occurred  in  masses  in  the  shallow  water.  Chara  and  nitella 
were  very  abundant. 

Nitella  sp?    A  tall,  slender  plant,  was  abundant  between  18  and  22  feet, 
ranging  from  12  to  25  feet.     In  water  from  20  to  25  feet  deep  we 
seldom  found  anything  beside  nitella. 
Nitella  sp?    A  small,  delicate  plant  found  in  shallow  water,  common  in 

the  marshes  and  in  the  lake  out  to  a  depth  of  two  feet. 
Chara  sp?     A  slender,  rank-growing  plant  quite  free  from  lime.     Was 
abundant  betAveen  10  and  14  feet,  ranging  from  eight  to  24  feet.    In 
some  localities  this  chara  was  the  only  plant  found  between  10  and  14 
feet. 
Chara  sp?     A   stout   plant,   seldom    more  than   eight   inches   high,    was 
thickly  coated  with  lime.     It  was  most  abundant  at  a  depth  of  from 
eight  to  10  feet,  often  forming  a  thick  mat  of  vegetation  to  the  exclu- 
sion of  other  plants. 
Chara  sp?    Much  smaller  than  the  above  mentioned,  quite  abundant  in 
shallow   water,   often   the  only   vegetation.     It  was  usually  thickly 
coated  with  lime. 

There   are   doubtless   other   species   of   chara   and   nitella   about   the 
lake,  but  the  ones  montoned  are  the  most  abundant. 
Potamogeton  natnns  I..    This  plant  was  more  common  in  the  southwestern 

portion  of  the  lake,  growing  in  water  from  four  to  six  feet  deep. 
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P.  ampUfoliua  Tuckerm.  This  plant  was  abundant  in  water  from  five 
to  eight  feet  deep,  but  ranged  from  two  to  24  feet.  On  the  Sugar  Loaf 
bar,  It  was  abundant  and  rank  from  nine  to  24  feet. 

P.  lonchites  Tuckerm.  This  pond-weed  was  common  everywhere  in  shal- 
low water.  A  cluster  of  rank  potamogetons  growing  in  eight  to  ten 
feet  of  water  on  Weed  Patch  bar  I  called  lonchitis,  but  do  not  feel 
quite  sure  that  I  was  correct. 

P.  Jieteraphyllus  Schreb.  This  plant  was  quite  common  out  to  a  depth  of 
four  feet 

P.  lucens  L.  This  plant,  sometimes  called  perch  weed, was  widely  dis- 
tributed, growing  most  commonly  in  water  from  six  to  eight  feet  deep. 

P.  praelongua  Wulf.  Not  very  common,  growing  in  water  from  eight  to 
12  feet  deep. 

P.  pvrfoliatuif  L.  Not  common,  but  quite  abundant  in  a  few  localities  in 
the  south  part  of  the  lake.  More  common  in  water  from  eight  to  12 
feet  deep. 

P.  zostcraefoUus  Schum.  Quite  common.  More  abundant  between  10  and 
IG  feet,  but  ranging  from  two  to  26  feet 

P.  fficsii  Ruprecht.  Widely  distributed,  more  abundant  between  12  and 
16  feet,  but  ranging  from  eight  to  25  feet. 

P.  pusillus  L.  More  common  in  tlie  southenstern  portion  of  the  lake  in 
deep  water,  ranging  from  10  to  24  feet. 

P.  pvctinatuft  L.  Forming  thick  masses,  excluding  other  vegetation  in 
water  10  to  16  feet  deep,  also  in  shallow  water  one  to  three  feet  deep. 
It  often  stands  at  the  head  of  a  steep  slope. 

P.  rohbinsii  Oakes.  Very  common  in  the  shallow  waters  of  the  Little 
Lake,  but  in  the  large  lake  more  common  in  water  from  10  to  18  feet 
deep,  ranging  from  two  feet  to  24  feet. 

Nains  ficxilU  (Willd)  Rost  and  Schmidt.  Very  abundant,  ranging  from 
one  to  24  feet.    Most  common  in  the  northeastern  part  of  the  lake. 

Ifaiaa  flexilis  rohuata  Morong.  This  plant  while  not  common,  was  found 
in  several  localities 

Soffittaria  graminea  Michx.    In  the  shallow  water  of  the  Little  Lake. 

Philotria  canadensis  (Michx.)  Britton.  Very  abundant  in  a  few  localities 
In  shallow  water,  as  near  the  head  of  the  outlet  It  is  widely  distrib- 
uted in  deep  water,  ranging  from  one  to  22  feet. 
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Vallesneria  spiralis  L.  Called  Eel-grass.  Said  to  be  the  wild  celery  of 
Chesapeake  Bay.  The  plants  bearing  pistillate  flowers  grow  in  shal- 
low water.  I  saw  none  deeper  than  two  or  three  feet.  The  male  plant 
was  most  abundant  in  water  from  eight  to  18  feet  deep.  We  found 
it  as  deep  as  24  feet.  The  pistillate  flower  is  carried  to  the  surface 
of  the  water  by  a  long  thread-like  scape.  After  fertilization  the  scape 
forms  a  spiral  of  several  coils,  drawing  the  ovary  several  inches  under 
water,  where  the  seeds  ripen.  The  stamiuate  flower  has  a  short 
peduncle.  Wlien  the  pollen  is  mature,  tlie  flower  separates  from  the 
plant  and  rises  to  the  surface.  The  pollen,  escaping  from  tlie  anther, 
floats  away  to  tlie  pistillate  flowers.  The  buds  or  stolons  formed 
in  the  fall,  on  the  male  plant,  are  highly  prized  by  mud  hens  and 
ducks  as  food.  They  will  dive  10  or  15  feet  for  it.  The  shores  are 
often  thickly  covered  with  the  leaves  they  break  off  while  getting  these 
dainty  bifs  of  food. 

Eleochar%8  interstincta  (Vahl.)  R.  and  S.  In  shallow  watfer  in  both  lakes, 
often  forming  large  patches. 

E.  mutata  (L.)  R.  and  S.  Abundant  in  shallow  water  near  the  mouth  of 
the  southeast  Inlet. 

E.  palvstris  (L.)  R.  and  S.  Found  along  the  southern  shore  of  Lake  Max- 
inkuckee. 

Scirpus  ameri4ianus  Pers.    Common  in  the  shallow  water  of  both  lakes. 

8,  lacustris  L.  Common  In  the  western  and  southern  portions  of  the  lake 
out  to  a  depth  of  seven  or  eight  feet.  Specimens  from  10  feet  to  13 
feet  long  often  occur. 

Bpirodela  polyrhiza  (L.)  Schleid.  Common  in  quiet  waters  about  the  lake 
shores. 

Lemna  trisulca  L.    Common  in  the  outlet  and  in  the  southeastern  inlet. 

L.  minor  L.    Often  found  with  Spirodela. 

Wolffia  Columbiana  Karst.    In  tlie  southeastern  inlet  and  in  the  outlet. 

Eriocaulon  Sfptangulare  With.    In  I^ake  Maxiiikuckee.  but  not  common. 

Brasenia  purpurea  (Michx.)  Cnsp.  Very  abundant  in  the  outlet,  only  occa- 
sionally found  in  the  lake. 

Nymphaea  adrcna  Soland.    Common. 

Castalia  odorata  (Dryand)  Woods  and  Wood.  Almiidant  in  the  outlet  and 
in  the  Little  I^ake.    Only  occasionally  found  in  the  larger  lake. 

Ceratophyllum  demersum  L.     Common  everywliere  to  a  depth  of  24  feet. 
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Abundant  In  shallow  water  and  quite  plentiful  between  14  and  20  feet. 
Batrachium  trichophyllum  (Chaix.)  Bossch.    Abundant  in  the  southeastern 

part  of  the  Little  Lake. 
Roripa  nasturtium  (L.)  Rusby.    Abundant  in  the  northeastern  inlet  and  in 

other  places. 
Myriophyllum  spicatum  L.    Abundant  in  the  Little  Lalie  and  in  the  outlet. 

In  water  from  two  to  eight  feet  deep. 
Myriophyllum  verticillatum  L.     Found  in  both  lakes.    Not  deeper  than  14 

feet. 
Utricularia  purpurea  Walt.     In  the  outlet. 
V,  vulgaris  L.    In  the  outlet  and  Little  Lake. 
V.  intermedia  Hayne.    In  the  outlet  and  Little  Lake. 
U,  minor  L.    In  the  Little  Lake  and  outlet. 
U.  gihha  L.    In  the  outlet. 
U.  bifiora  Lam.    In  the  Little  Lake. 
Bidens  beckii  Torh    Found  in  both  lakes.    Not  very  abundant,  but  ranging 

from  two  to  20  feet  in  depth. 
Peltandra  virginica  (L.)  Kunth.     Found  in  shallow  water  of  both  lakes, 

often  in  the  mud  along  shore. 
Pontederia  cordata  L.    Common  in  shallow  water  of  both  lakes,  often  above 

water  line  along  shore.    Both  of  these  plants,  after  fertilization,  bend 

over,  thrusting  the  ovary  into  the  water  or  mud,   where  the  seeds 

ripen. 

On  the  marshes  below  the  level  of  high  water  we  found— 

Dryopterls  thelypteris  (L.)  A.  Gray. 

Equisetum  fluviatile  L. 

Typha  latifolia  L. 

Alisma  plantago-aquatlca  L. 

Sagittaria  latifolia  Willd. 

Dulichium  arundinaceum  (L.)  Britton. 

Eleocharis  ovata  (Roth)  R.  and  S. 

Scirpus  smithii  A.  Gray. 

Acorus  calamus  L. 

Xyris  fiexuosa  Muhl. 

Juncus  effusus  li. 

Salix  discolor  Muhl. 

Polygonum  sagittatum  L. 

Decodon  verticillatus  (L.^  Ell. 
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Mimulus  ringens  L. 

Lobelia  syphilitica  L. 

Gephalantlius  oecidentalis  L. 

Nyssa  sylvatica  Marsh. 

Polygala  cruciata  L. 

Spiraea  tomentosa  L.  And  more  than  sixty  others,  largely  sedges 
and  grasses. 

In  addition,  along  the  beach,  between  low  and  high  water,  we  found— 

Panicum  crus-galli  L. 

Muhlenbergia  sylvatica  Torr. 

Cyperus  diandrus  Torr. 

Polygonium  pennsylvanicum  L. 

Impatiens  biflora  Walt. 

Teucrium  canadense  L. 

Lycopus  virginiana  L. 

Mentha  piperita  L. 

Mentha  canadensis  L. 

Xanthium  canadense  Mill 

Eclipta  alba  (L.)  Ilassk. 

Bidens  connata  Muhl.  And  more  than  fifty  others.  .In  all  making 
over  two  hundred  plants  in  and  about  Lake  Maxinkuckee  growing  below 
high  water  mark. 

I  desire  to  call  attention  specially  to  the  following  facts:  First,  that 
the  bed  of  the  lake  is  comparatively  ban*en  under  water  from  two  feet 
to  six  or  eight  feet  deep:  second,  that  there  is  an  abundance  of  rank 
vegetation  under  water  from  eight  feet  to  20  feet  deep;  third,  that  we 
found  no  vegetation  below  a  depth  of  26  feet  in  Lake  Maxinkuckee. 


(teneric  Xomenclature  of  Cedar  Apples. 

By  J.  C.  Arthur. 

In  a  communication  made  to  this  society  at  a  former  meeting  (December, 
1898)  the  writer  gave  some  account  of  recent  studies  in  the  nomenclature  of  plant 
rusts,  especially  as  applied  to  species  occurring  in  the  State  of  Indiana.*    At  that 
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time  no  extended  study  of  the  generic  nomenclature  of  this  group  of  fungi  had 
been  attempted,  and  the  conclusions  of  Dr.  Kuntze  (Ret\  Gen.  PL  III)  were  ac- 
cepted as  the  most  satisfactory  at  hand.  Since  then  the  ground  has  been  gone 
over  to  some  extent,  and  some  questions  worth  public  discussion  have  arisen. 
Among  the  most  interesting  of  these  is  the  correct  appellation  of  the  cedar  applep. 

Two  species  of  cedar  apples  occur  in  Indiana;  both  forming  swellings,  or 
pseudo-apples,  on  the  branchlets  of  red  cedar  in  one  stage  of  growth,  and  so-called 
rust  spots  on  the  leaves  of  various  apples  and  thorns  in  the  alternate  stage.  These 
were  placed  under  the  genus  Piieeinia,  following  the  authority  of  Dr.  Kuntze,  one 
being  Puceinia  globosa  (Farl.)  Kuntze  {(ri/mnosporanffium  globosum  Far],  and  lio's- 
telia  lacerata  Fr. ),  and  the  other  being  Puceinia  Juniper i-Virginiamr  (Schw.)  Arth. 
(Oymnnsporangium  maeropiin  Lk.  and  Rtrstdia  pyrata  Thax.). 

The  development  of  the  concept,  now  embodied  in  the  genus  containing  the 
cedar  apples  and  apple  rusts,  is  an  interesting  one.  Many  of  the  earlier  system* 
atists  placed  the  cedar  apples  among  the  a]ga%  and  even  after  becoming  fully 
recognized  as  fungi,  it  was  long  before  their  close  relation  to  the  other  Uredinfo- 
was  firmly  established.  The  apple  rusts  have  been  confounded  with  the  cluster- 
cups  of  other  genera,  even  quite  recently,  although  it  has  now  been  nearly  forty 
years  since  their  connection  with  the  cedar  stage  was  first  established.  However, 
it  is  not  with  the  development  of  the  concept  of  the  genus  that  this  paper  has  to 
deal,  but  with  the  unfolding  of  its  nomenclature. 

Reviving  the  ancient  usage  of  the  generic  name  Puceinia  in  order  to  have  it 
replace  the  familiar  name  Gymnn^porangium  was  done  in  the  interest  of  a  stable 
nomenclature.  The  result  shows,  however,  that  a  stable  nomenclature  is  not  to 
be  obtained  at  a  single  dash,  even  when  the  principles  are  recognized  and  ac- 
cepted that  are  to  govern  the  procedure.  Dr  Kuntze  ( Rev. (Jen. PL,  Vol.  3,  p.  507) 
gives  Haller,  1742  (Entim.j  Vol.  1,  p.  17),  the  credit  of  founding  the  genus 
Puceinia,  but  Magnus  {Bot.  Centr,,  Vol.77,  p.  4)  has  clearly  hhown  that  llaller's 
type  material  could  not  have  belonged  to  the  Uredinete.  The  next  subseciuent 
author  mentioned  by  Kuntze  it  Adanson,  1763.  In  accordance  with  the  Roches- 
ter Code,  Haller  is  excluded  from  consideration  on  account  of  antedating  175:^, 
the  initial  date  for  priority,  but  Adanson  might  be  accepted.  This  author  pre- 
sents an  abbreviated  diagnosis  derived  wholly  from  Micheli's  classical  work  Nova 
Plantarum  of  1729.  It  runs  as  follows:  **  Puceinia  Mich.  t.  92.  Tiye  eletx'e 
cilind^  simple  ou  rametLae.  Coriuee,  TouUla  plante  est  form6e  de  piramides  ou  fUets  en 
ma»8ues,  eattchcif  comme  autant  de  rayons  les  uns  sur  Us  atUres**  (Families  rfcx  Plante^ 
Vol.  2,  p.  8).  Turning  to  Micheli,  we  find  that  he  describes  and  figures  two 
species  under  hi«i  genus,  one  evidently  belonging  to  the  Uredinece  and  the  other 
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not.  According  to  Magnus  this  lack  of  singleness  invalidates  the  name  for  re- 
placing that  of  the  De  Candollean  genus  Gymnosporangium.  It  does  not  do  so, 
however,  in  the  writer's  opinion,  but  it  makes  it  necessary  to  decide  which  of  the 
two  species  included  is  to  be  accepted  as  the  type  of  the  genus. 

The  idea  of  definite  and  unchangeable  types  is  of  comparatively  recent 
growth.  The  type  of  a  species  is  the  individual  plant  to  which  the  name  is  first 
^iven,  and  the  type  specimen  is  therefore  an  important  adjunct  in  fixing  the  name 
and  character  of  the  species.  In  like  manner  the  type  of  a  genus  should  be  the 
species  mentioned  under  it,  if  there  is  hut  one  given,  but  if  more  than  one  be 
given,  and  the  author  has  neglected  to  designate  the  one  to  be  accepted,  it  would 
«eem  to  require  lor  the  sake  of  uniformity  and  stability  that  the  first  species 
named  under  the  genus  be  assumed  to  be  the  type.  This  method  in  whole  or  in 
part  has  been  ably  advocated  by  Underwood,  Cook,  Jordan,  Coville,  Ward, 
Greene  and  others.  Up  to  the  present  time  it  has  been  put  into  rigid  practice  to 
a  limited  extent  only,  the  revision  of  American  ferns  by  Prof.  Underwood  being 
the  most  conspicuous  example,  but  it  seem^  to  the  writer  that  the  general  ac- 
ceptance of  the  rule  will  go  far  toward  furnishing  a  stable  basis  for  taxonomic 
nomenclature.  To  one  who  has  watched  the  course  of  the  present  movement  for 
a  nomenclature  that  stands  squarely  upon  priority,  guided  by  uniform  procedure 
rather  than  by  individual  judgment,  the  rule  of  types  here  set  forth  must  seem  a 
necessity  that  will  inevitably  be  adopted  sooner  or  later.  It  is  for  the  take  of 
lending  a  hand  in  bringing  about  so  desirable  an  end  that  the  study  of  the  cedar 
apple  nomenclature  is  here  presented. 

If  the  rule  of  taking  the  first  species  mentioned  under  a  genus  as  its  type  is 
applied,  there  can  be  no  ([uestion  that  Adanson's  genus  Pnccinia  is  to  be  accepted 
as  a  name  antedating  Gifinnonporajujium,  and  we  may  waive  the  discussion  of  the 
exact  determination  of  the  type,  brought  forward  by  Magnus.  But  this  does  not 
settle  the  matter. 

In  Linna'us'  Speae-i  P/antarum  of  1753,  which  is  accepted  as  the  beginning  of 
valid  nomenclature,  only  two  species  occur  belonging  to  the  Uredinrce ;  one  is 
Lyeoperdon  epiphijlluni,  now  called  Piiccinia  epiphyllu  (L. )  Wettst.,  and  the  other  is 
Tremella  junipfrina,  known  to  be  unciuestionably  Gymnomporangium  juniperinum 
(L.)  Wint.  Linnaeus'  genus  Tremella  contains  seven  species,  the  one  just  men- 
tioned being  the  first,  while  the  six  which  follow  do  not  belong  to  the  Uredineir, 
The  first  species  is  characterized  as  follows  (p.  1 157) : 

"  Tremella  sessilis  membranacea  auriformis  fulva.    Fl.  auec.  1017. 
Byssus  gelatinoflft  fagaz,  junipero  innasceni.    Fl.  !app,5Sl. 
Habitat  in  JuDiperetii  primo  vere." 
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Turning  to  Linnteus'  flora  of  Sweden  (Fl.  suee  ,  1745,  p.  368),  where  this 
species  is  the  first  named  under  the  genus  TremdUty  and  to  his  flora  of  Lapland 
Fl,  fapp,j  1787,  p.  370),  it  will  be  found  that  these  lines  are  the  descriptive  names 
used  in  those  works  respectively,  both  works  antedating  the  introduction  of 
binomial  names. 

In  Engler  &  Prantl's  Nat,  Pflanzenfamilien  (Vol.  1,  p.  92)  Lindau  has  credited 
the  genus  IVemella  to  Dillenius,  as  has  also  Saccardo  in  hhSylloge  Fun^orum  (Vol. 
7,  p.  780).  Both  these  authors  undoubtedly  are  following  Fries  in  his  classical 
work,  iSyatema  Myeologicumy  of  1823  (Vol.  2,  p.  210).  The  reference  is  clearly  to 
Dillenius'  Historia  Muscor^im  of  1741,  where  we  find  seventeen  species  listed  under 
7}remeUaf  but  strangely  enough  not  one  of  these  is  a  fungus.  The  first  species, 
which  we  must  consider  the  type,  is  characierized  as  *'  Tremella  maritia  vulgaris^ 
Lioetiicce  similis,  Oyster  Green  or  Laver."  This  is  certainly  a  marine  alga.  In 
Linntuus'  Species  Ptantarum  of  1753  (p  1 163)  we  will  find  this  species  given,  with 
direct  citation  of  Dillenius,  under  the  name  CJlva  Lactvca,  as  the  fifth  of  the  nine 
species  under  the  genus  Ulva.  It  is  certainly  evident  that  Linn»us  did  not  found 
his  genus  Tremella  upon  that  of  Dillenius,  and  that  the  twenty  or  more  species  of 
fungi  now  generally  listed  under  TremeHa  as  a  Dillenian  genus  are  not  correctly 
referred. 

It  seems  certain,  if  the  method  of  typerf  is  accepted,  that  Tremella  replaces 
Oymnosporanyium  as  a  genus  of  Uredinetf.,  and  that  the  usage  to  which  the  name 
has  generally  been  applied  by  modern  systematists  in  erroneous.  The  same 
method  of  procedure  shows  eight  generic  synonyms  of  Tremella^  which  will  be 
given  without  further  comment,  together  with  their  type  species  and  their  respec- 
tive hosts. 

There  are  fifteen  described  species  of  cedar  apples,  of  which  eight  occur  ex- 
clusively in  North  America,  two  in  both  North  America  and  Europe,  three  wholly 
in  Europe,  one  in  India  and  one  in  China  and  Japan.  In  order  to  show  their 
status  in  the  genus  TremeUa^  and  also  for  convenient  review,  they  are  here  listed. 

1753.     TREMELLA  Linnams. 

( T.  juniperina  on  Juniperus  f<p. ) 

1763.  Puceinia  A  dans.  (P.  non  ramoaa  Mich,  on  Juniperus  up,). 

1791.  .Mcidium  Pers.  (-J&.  comtUum  on  Sorbv8  aueuparia), 

1804.  RieMtlia  Reb.     (R,  canceWtta  on  Pyru8  communia), 

18U5.  Oymnoaporangium  Hedw.  f.  (O.  conieum  on  Juniperus  communis). 

1809.  Pbdiaoiiia  Lk.  {Q.  fuaeum  DC.  on  Juniperus  sp.). 
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1826.     Oentridium  Chev.  (C  Sorbi  on  Sorbris  aiicuparia), 
1826.     Oiglide  Chev.  (C.  calf/piratum  on  Pynia  commwiis). 
1877.     Hamaspora  Kwru.  (H.  Ellisii  on  Cupresms  thyoides) . 
1753.     T.  JUNIPERINA  L.     (8p.  plant.  :  1625)  Europe  and  North  America. 

I.     On  Sorbua,  Aronia  and  Amelanchier.     (Ittrst.  eomuUi  (Pers.)  Fr.) 
III.     On  Junip.  communis  and  J.  nana  {Gym.  junipevinum  (L.)  Wint.) 
1786,     T.  SABiNJi;  Dicks.     (PI.  Crypt.  Brit.  :  14.)     Europe. 
I.     On  Pyrus.     (Rtrst.  cancellaUi  (Jacq.)  Reb.) 
III.     On  Junip.  Sabina  and  other  sp.     (Oym.  Sabiruf  (Dicks.)  Wint.). 
1788.     T.  CLAVARiiFORMis  Jacq.    (Collect.  2  :  174.)    Europe  and  North  America. 
I.     On  Cratiugus  (Rtml,  lacerata  (Sow.)  Mer.) 
III.     On  Junip.  communis.     {Gym.  clavariiforme  (Jacq.)  DC.) 

T.  PENiciLLATA  (iV///^)  n.  ri.     (1780.     Lye.  penieillatum  MiiW,     Fl.  Dan.  t. 

839.)     Europe. 
I.     On  Mains  and  Sorbus  {Rftst.  penicillata  (Miill.)  Fr.) 
III.     On  Junip.  communis.     {Gym.  tremeUoidef  A.  Br.) 

T.  Mespfli  {DC.)  n.  n.     (1815.     uFAnd.  Mespili  DC.     Fl.  France.     «  :  98.) 

Europe. 
I.     On  Mespilus,  Cydonia,  Pyrus  nnd  Cratajgus  {RfrM.  Mupili  (DC). 
III.     On  Junip.  Sabina  (  Gym.  eonfusum  Plowr.) 

T.  JuNiPERi-ViROiNiAN.K  {Schw.)  n.  n.     (1822.    Gym,  Juniperi'Virffiniame 

8chw.     Schr.  Nat.  Ges.  Leipz.  1  :74.)     North  America. 
I.     On  Malus.    {Rout,  pyrata  (Schw.)  Thax.) 
III.     On  Junip.  Virginiana.     (Gym.  niacr opus  hk.) 

T.  BoTRYAPiTES  {Schir.)  71.  n.     (1834.     (Woma  {Rirsi.)     Botryapites  Schw. 

Proc.  Am.  Phil.  Soc.  4:294.)     North  America. 
I.     On  Amelanchier.     {Rirst.  Boh-yaptUsSchw.) 
III.     On  Chamaicyparis  thyoides.     {Gym.  biaeptatum  Ellis.) 

T.  CLAVIPES  (O.  and  P.)  n.  n.     (1871.     Pod.  Gym.  clavipes  C.  and  P.    Jour. 

Quek.  CI.  2  :  267.)     North  America. 
I.     On  Amelanchier.     {Rout  aurnntiaca  Fk.) 
III.     On  Junip.  Virgini«na  {Gym.  elavlpcK  C.  and  P.) 

T.  Ellisii  {Berk.)n.  n.     (1874.     Pod.  Ellviii  Berk.     Grev.  8  :  56.)     North 

America. 
?  I.     On  Aronia.     {Rrst.  iraiisformam  Ellis.) 
III.     On  Chamivcyparis  thyoides  {Gym.  Ellisii  (Berk.)  Farl.). 

T.  8PECIOSA  {Pk.)  n.  n.     (1879.     Gym.  f<peeiamm  Peck.     Bot.  Gai.  8  :  217.) 

North  America. 
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?  I.     On  Amelanchier  alnifolia.     (Rcest.  Harknesidana  £.  and  E.) 
III.     On  Junip.  occidentals.     (Oym.  speciosum  Feck.) 
T.  GiiOBOSA  (Farl.)  n.  n.     (1880.     Pod.   fuacum  globosum  Farl.     Gym.  of 
U.  a  :  18.)     North  America. 

I.     On  Mains,  Crataegus,  Sorbns  and  Cjdonia.  (Boest.  Laeerata  Am.  Auct.) 
III.     On  Jnnip.  Virginiana.  {Oym.  globo9um  Farl.) 

T.   BEBMUDIANA   {Farl.)   ti.   n.     (1887.     ^^!cid.  Bermvdianum  Farl.     Bot. 
Gaz.  12  :  206.)     North  America. 

I.     On  Janip.  Virginiana.     (u^id,  Bermudianum  Farl.) 
III.     On  Junip.  Virginiana.     {Oym.  Bermudianum  Earle.) 
T.  CuNMiNOHAMiANA  (Bard.)  n.  n.    (1889.    Gym.  Cunninghamianum  Barcl. 
Mem.  Med.  Off.  India  6  :—.)  India. 

I.     On  PjruB,  Cotoneaster  (^Ecid,  Cunninghamianum  Barcl.) 
III.     On  CupresBUS.     (Oym.  Cunninghamianum  Barcl.) 
T.  NiDus-AVis  {Thax.)  n.  n.     (1891.     Gym.  Nidus-avis  Thax.    Bull.  Conn. 

'    8ta.  No.  107  :  6.)     North  America. 

I.     On  Amelanchier.     (RtFst.  Siduf^-avislhtLZ.) 
III.     On  Junip.  Virginiana.     (Oym.  Nidv^avis  Thux.) 
T.  KOREAENSis  (Henn.)  ri.  n.     (Reed,  koreaensis  Henn.      Monsania  1  : — .) 

I.     On  Pyrus,  Mains  and  Cydonia.     (Rwst.  koreaensis  Henn.) 
III.     On  Junip.  ChinensiR.     {Oym.  Japonicn  8yd.) 


Additions  to  the  Flora  of  Indiana. 

By  Stanley  Coulter. 

Since  the  publication  of  the  "Catalogue  of  the  Flowering  Plants  and 
of  the  Ferns  and  their  Allies  Indigenous  to  Indiana'*  numerous  reports 
of  additions  have  come  to  my  hands.  These  reports  have  been  examined 
with  great  care,  In  many  cases  the  specimens  themselves  bein;r  submitted 
with  the  report.  As  a  result  quite  a  number  of  species  are  to  be  added 
to  the  flora  of  the  State.  It  is  gratifying  to  note,  however,  that  the 
majority  of  these  additions  are  to  be  found  In  the  grasses  and  sedges, 
groups  that  have  been  largely  neglected  by  collectors.  Another  consider- 
able number  Includes  extra-regional  plants  the  occuiTence  of  which  within 
our  bounds  Is  to  considered  as  exceptional,  and  which,  while  members 
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of  the  flora  are  only  local  or  occasional.  A  third  class  includes  escapes 
from  cultivation,  the  inclusion  or  exclusion  of  which  is  largely  a  matter 
of  individual  judgment.  The  number  of  species  added  is  much  smaller 
than  I  had  reason  to  expect  in  view  of  tlie  fact  tliat  tlie  original  catalogue 
was  base<l  almost  wholly  upon  accessil)le  herbarium  specimens,  it  being 
felt  that  in  the  al)senco  of  such  verifying  material  the  enumeration  would 
lose  much  of  its  value.  This  rule  led  to  tlie  temporary  exclusion  of  some 
of  the  forms  which  are  now  definitely  reported  and  verified  by  accessible 
material. 

SPECIES  TO  BE  ADDED  TO  CATALOGUE. 

Dryopteris  spinulosa  (Retz.)  Kuntze.     (Aspidiuni  spinulosum  Sw.) 

Reported  from  Wells  County  by  C.  C.  Deam,  and  from  Wabash  County  by  J. 
N.  Jenkins.     In  fruit  June  11. 
Panieum  sphcvrocarpon  Ell.     Round-fruited  Panicum. 

Porter  County   (E.J.Hill). 
Panieum  flexile  (Gattinger)  Scribn.     Wiry  Panicum. 

Lake  County  (E.  J.  Hill). 
Panieum  verrueosum  Muhl.     Warty  Panicum. 

Porter  County  (E.  J.  Hill). 
Bramus  lector  urn  L.     Downy  Brome  Grass. 

Lake  County  (E.  J.  Hill).     This  seems  to  be  the  western  limit  of  this  form, 
which  in  favorable  loculities  becomes  a  troublesome  weed. 
Agropyron  repens  glaucum  (Desf.)  Scribn.     (A.  glaucum  R.  and  S.) 

Lake  County  (E.  J.  Hill). 
Cypei'VM  Houghtoni  Torr. 

Lake  and  Porter  Counties  (E.  J.  Hill). 
Eleoeharis  Robbinsii.     Oakes. 

Porter  County  (E.  J.  Hill). 
Psiloearya  nitena  (Vahl)  Wood.     Short-beaked  Bald-rush. 

Porter  County  (E.  J.  Hill). 
PsUocarya  scirpoidea  Torr.     Long-beaked  Bald-rush. 

Porter  County  (E.  J.  Hill).  Briiton  and  Brown  give  the  range  of  this  plant 
"In  wet  soil,  Eastern  Massachusetts  and  Rhode  Island."  The  aboye 
citation  extends  tlie  range  of  the  plant  far  to  the  west.  I  haye  not  seen 
the  plant,  but  admit  it  because  of  the  well  known  discriminative  accur- 
acy of  Mr.  Hill. 

10— A.  OF  8CIKNCB. 
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Fuirena  atjitarrom  Michz. 

Porter  County  (E.  J.  Hill). 
Rhynchospora  cornieulata  macrostachya  (Torr.)  Britten.      (R.  macrostachya  Torr.) 

Porter  County  (E.  J.  Hill). 
Scl^ria  retietUaris  Michx. 

Porter  County  (E.  J.  Hill). 
Scleria  Torreyana  Walp. 

Porter  County  (E.  J.  Hill). 
Sderia  paueijiora  Muhl. 

Porter  County  (E.  J.  Hill). 
Oarex  oligosperma  Michz.     Few-seeded  Sedge. 

Lake  County  (E.  J.  Hill).     A  species  somewhat  northern  in  its  mass  dibtribu- 
tion,  seeming  to  have  its  southern  limit  in  the  station  just  cited. 
Garex  limom  L.     Mud  Sedge. 

Wells  County  (C.  C.  Deam).     **  Found  on  low  borders  of  a  small  lake  in 
Jackson  Township.     Scarce." 
Oarex  glaueodea  Tucker m. 

Lake  County  (E.  J.  Hill). 
Carex  decomposita  Muhl.     Large-pan icled  Sedge. 

Wells  County  (C.  C.  Deam).     '^  Qrowing  in  bunches  of  moss  in  bogs  made  dry 
by  draining." 
XyrU  Curoliniana  Walt.     Carolina  Yellow-eyed  Grass. 

Porter  County  (E,  J.  Hill).     A  species  found  in  its  mass  distribution  near 
the  Atlantic  coast. 
Junewt  bufonius  L.     Toad  Rush. 

Wabash  County  (J.  N.  Jenkins),  Kosciusko  County  (C.  C.  Deam).     "Low, 
sandy  shore  of  Goose  Lake,  Kosciusko  County." 
Juncus  articulutut  L.     Jointed  Rush. 

Lake  County  (E.  J.  Hill).     A  species  decidedly  northern  in  its  distribution. 
Admitted  upon  the  authority  of  Mr.  Hill. 
Juncus  diffuaUaimus  Buckley. 

Crawford  County  (C.  C.  Deam).  **  Valleys  about  Wyandotte  Cave."  Britton 
and  Brown  give  the  range  of  this  species,  "  Southeastern  Kansas  to  Mis- 
sissippi and  Tezas."  The  conditions  surrounding  Wyandotte  Cave  are 
such  as  to  preclude  the  possibility  of  the  form  being  introduced  along 
highways  or  railways.  The  station  given  stands  as  the  recorded  eastern 
limit  of  the  species.  The  determination  was  made  by  Mr.  M.  L.  Fern  a  Id 
of  tho  Gray  Herbarium,  Harvard  University. 
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SUnanthium  robuatum  8.  Wats. 

Wabash  County  (J.  N.  Jenkins).     In  some  of  the  material  examined  the 
pedicels  were  elongated  in  Truit,  but  the  form  without  question  is  to  be 
referred  as  indicated  above. 
QuercuA  nigra  L.     Water  Oak. 

Crawford  County,  near  Wyandotte  Cave  (C.  C.  Deani).     By  error  this  species 
was  not  included  in  the  catalogue.     It  is  fairly  well  distributed  through- 
out the  State,  growing  near  streams  and  swamps,  though  sometimes  found 
in  upland  regions. 
Asanim  rejiexum  Bicknell. 

Lake  County  (E.   J.    Hill).     This  species  was  described  in  Bulletin  Torrey 
Club,  Vol.  24,  p.  588,  pi.  317,  1897.     It  is  distinguished  from  A.  Cana- 
dense  by  its  smaller  flowers,  calyx  tube  white  within,  lobes  of  the  calyx  limb 
early  rejieiedy  purplish-brown,  V^-h'^  l^ng>  about  as  long  as  tube,  triangu- 
lar,  with  a  straight  obtuse  tip  1^^-li^^  long.     (Britton  and  Brown,  Vol. 
3,  513. 
Mr.    Hill    reports   that   all   the    Asarums  he  has  examined,  growing  about 
Chicago,  prove  to  be  of  this  species.     None  of  the  sheets  in  the  Purdue 
herbarium,  however,  can  be  so  referred.     The  Asarums  should  be  care- 
fully examined  by  collectors  in  order  that  the  distribution  of  this  form 
witliin  our  area  may  be  determined. 
Cycloloma  atr i pi ici folium  (Spreng)  Coulter.     (C.  platyphyllum  Moquin.) 
Kosciusko  County  (C.  C.  Deam).     **  In  sand  pit  near  Eagle  Lake.'* 
Atriplex  hastafa  L.     (A.  patulum  hastatum  Gray.) 

Wells  County  (C.  C.  Deam).     **  Waste  places  and  cultivated  fields." 
Allionia  hirsuta  Pursh.     Hairy  Umbrella-wort.     (Oxybaphus  hirsutus  Sweet.) 

Wabash  County  (J.  N.  Jenkins).     This  form  has  an   assigned  range  to  the 
west  and  northwest.      Abundant  material,   however,   places   the  refer- 
ence beyond  question. 
Brassica  campeatris  L. 

Wells  County  (C.  C.  Deam).     '*  Waste  places." 
Cardamine  7^ennsylv<inica  Muhl. 

Wells  County  (C.  C.  Deam).     "  Five  miles  north  of  Bluflfton,  May  25,  1899." 
( Ueome  aerrulata  Fursh.     PinkCleome.     (C.  inlegrifolia  T.  &  G. ) 

Wells  County  (C.  C.  Deam).  **On  prairies  south  of  Bluffton."  The  species 
has,  perhaps,  its  eastern  limit  in  Indiana,  the  assigned  range  being  Illi- 
nois and  westward. 
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Fraffaria  Americana  (Porter;  BrittOD.     American  Wood  Strawberry. 

WellB  County  (C.  C.  Deam).     **  In  woods  June  13,  1897." 
Agrimania  hirsuta  (Muhl)  Bicknell. 

Wells  County  (C.  C.  Deam). 
Crat4iegut  cordata  (Mill)  Ait.     Washington  Thorn. 

Gibson  County  (J.  Schneck,   M.   D.).     An  eastern,  chiefly  mountain  form 
in  Gibson  C!ounty  ^*on  the  higher  hills." 
Crataegus  macracantha   Lodd.      Loug-spined   Thorn.     (C.  coccinea  macracantha 
Dudley.) 
''Along  open  bottoms  in  southwestern  counties."    (J.  Schneck,  M.  D.) 
**  Banks  of  Wabash  river,  Wells  County."    (C.  C.  Deam.) 
Prunus  nigra  Ait.     Canada  Plum,  Horse  Plum. 

**  In  Woods,"  Wells  County  (C.  C.  Deam).     The  range  of  this  species  is  well 
to  the  north  of  Indiana,  but  the  abundance  of  material  shows  the  above 
reference  to  be  correct.     In  flower  April  17,  1898. 
Trifolium  ineamatum  L.     Crimson,  Carnation  or  Italian  Clover. 

Wells  County  (C.  C.   Deam).     Somewhat  widely  escaped  from  cultivation 
within  the  last  few  years,  but  apparently  not  long  persistent. 
Oralis  eymosa  Small.     Tall,  Yellow  Wood-sorrel. 

•*  Hill  near  Wyandotte  cave,  Crawford  County,  July  11, 1899."    (C.  C.  Deam.) 
Leehea  tenuifolia  Michx.     Narrow-leaved  Pin- weed. 

Crawford  County  (C.  C.  Deam).     **0n  hill  near  Wyandotte  cave,  July  11, 
1899." 
Vineetoxicum  Shortii  (A.  Gray)  Britton.     (Gonolobus  Shortii  A.  (Jray.) 

Crawford  County  (C.  C.  Deam).     **0n  hill  near  Wyandotte  cave,  July  12, 
1899." 
Salvia  lanceolata  Willd.     Lance-leaved  Sage. 

Gibson  County  (J.  Schneck,  M.  D.).  "On  a  sandy  knoll  in  low  river  bot- 
toms." An  extreme  western  form  having  as  its  assigned  range,  '*  on 
plains,  Nebraska  and  Colorado  to  Texas,  Arizona  and  Mexico."  The 
specimens  submitted  undoubtedly  belong  to  this  species,  being  easily 
separated  from  related  forms  by  leaf  characters  and  lobing  of  the  con- 
nective. This  eastern  extension  of  range  is  extremely  difficult  of  ex- 
planation, especially  when  the  character  of  the  station  is  taken  into 
account. 
Lonieera  glaueeHcens  Rydb. 

Wells  County  (C.  C.  Deam).     On  bank  of  creek  in  Jackson  Township,  May 
28,  1899. 
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Leonladon  autumnale  L.     Fall  Dandelion.     Lion's  Tooth. 

Wells  County  (C.  C.  Deam).     In  yards  at  Bluffton,  introduced  in  grass. 
Helianihus  peiiolaris  Nutt.     Prairie  Sunflower. 

Lake  County  (E.  J.  Hill).  A  western  prairie  form  occasionally  found  in 
dry,  waste  places  eastward.  Probably  introduced  into  Indiana  along  east 
and  west  railway  lines  leading  into  Chicago.  * 

Seneeio  BaJmmitir  Muhl.     (S.  aureus  Balsamitjv  T.  and  G.) 

Wabash  County  (J.  N.  Jenkins).     The  range  of  variation   in  S,  aureus,  so 
widely  distributed  throughout  the  State,  is  the  only  ground  for  question- 
ing the  above  citation.     The  material  submitted  seems  to  bear  oat  the 
description  of  the  8i)ecies  Balsamiltp.     It  is  therefore  included  in  the  list. 
Centaurea  Jacta  L.     Brown  or  Rayed  Knapweed. 

Lake  County  lE.  J.  Hill.)     A  form  fugitive  from  Europe,  usually  found  in 
waste  places  north,  or  in  ballast  about  seaports. 
Wolffiella  Floridana  (.J.  D.  Smith),     Thompson. 

Marshall  County,  near  Culvers  (H.  Walter  Clarke).  The  abundant  material 
furnished  by  Mr.  Clarke  leaves  no  room  for  questioning  the  aceuricy  of 
the  reference.  The  range  of  the  species  by  this  citation  is  sharply  ex- 
tended northward,  its  assigned  limits  heretofore  being  '^Georgia  and 
Florida  to  Missouri,  Arkansas  and  Texas."' 
Wolffia  paptUifera  Thompson.     Pointed  Duckweed. 

Gibson  County  (J.  Schneck,  M.  D.).  **Two  miles  east  of  Mt.  Carmel,  III., 
in  Indiana.  This  is  another  decided  extension  of  range,  in  this  case 
eastward,  the  recorded  range  of  the  species  being,  ^*  Kennett  and 
Columbia,  Mo."    (Britton  and  Brown,  Vol.  3,  p.  510.) 

SPECIES  EvSCAPED  FROM  CULTIVATION. 

Pinu8  resinosa  \it.     Canadian  Pine.     Red  Pine. 

Wabash  County  (J.  N.  Jenkins).     A  northern  form  which  will  probably  not 
maintain  itself  in  our  area. 
PopuluB  baUamifera  candicana  (Ait.)  A.  Gray.     Balm  of  Gilead. 

Gibson  County  (J.  Schneck,  M.   D.).      Specimens  of  this  form  were  in  the 
Purdue  herbarium  at  the  time  of  collating  the  catalogue,  but  it  was  not 
included,  being  considered  as  an  escape,  and  there  being  no  record  of  its 
persistence. 
Brousaonetia  papijrifrra  (L.)  Vent,     Paper  Mulberry. 

Gibson  County  (J.  Schneck,  M.  D.).  An  evident  escape  from  cultivation. 
The  inclusion  of  the  species  should  depend  upon  the  persistence  of  the 
form  in  the  wild  state. 
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Mcdus  Malua  (L.)  Britton.     Apple. 

''Along  Wabaih  and  White  Rivers  "  (J-  Schneck,  M.  D.).  This  form  was 
excluded  because  regarded  as  an  escape.  The  historj  of  its  persistence 
for  many  years  in  several  different  parts  of  the  State  has  come  into  my 
hands  since  the  publication  of  the  catalogue.  It  should  in  all  probability 
be  included  in  the  State  flora. 
Paulownia  tomentosa  (Thunb.)  Baill.     (P.  imperialis  S.  and  Z.) 

Gibson  County  (J.  Schneck,  M.  D.). 
Tragopogon  porrifolius  L.     Oyster  Plant.     Salsify. 

Wells  County  (C.  C.  Deam). 
Koelreuieria  panietUata  Laxm. 

Gibson  County  (J.  Schneck,  M.  D. ). 

These  plants  have  undoubtedly  escaped  from  cultivation  in  the  loca- 
tions cited.  Whether  or  not  they  should  be  included  in  the  State  flora  is  a 
matter  of  personal  judgment  Evidently  fugitive  plants  which  appear 
but  for  a  single  season  in  a  single  station  can  scarcely  be  regarded  as 
entitled  to  place.  That  a  plant  escaped  from  cultivation  should  be  listed 
as  a  member  of  the  State  flora  in  my  judgment  should  require  evidence, 
first,  that  it  had  maintained  itself  for  at  least  three  years;  second,  that 
in  these  years  it  was  more  than  holding  Its  own,  in  other  words  was 
making  gain.s,  however  slight,  in  its  new  situation.  For  these  reasons. 
In  my  opinion,  the  above  plants,  with  perhaps  the  exception  of  the  apple, 
should  not  be  included  in  the  flora.  The  list,  however,  is  given  for  the 
benefit  of  those  whose  judgment  would  add  them  to  the  Catalogue  list, 

A  few  critical  notes  may  perhaps  find  a  proper  discussion  in  this  paper. 

Qutrcus  pagodnfolia  Elliott. 

Reported  by  Dr.  Schneck  as  belonging  to  the  flora  of  the  southwestern  coun- 
ties. The  question  turns  upon  the  point  as  to  whether  the  form  is  to  be 
regarded  as  a  distinct  species  or  merely  as  a  variety.  This  form  origin- 
ally appeared  as  Q.  fcdeaia  Michx.,  var.  payoditfolia  Elliott,  being  sepa- 
rated from  the  type  by  "larger  leaves,  11-18  nearly  opposite  and  spread- 
ing lobes."  Sargent  includes  it  under  Q.falcata  Michx.,  and  Kritton  and 
Brown  under  Q.  digiiata  (Marsh)  Sudw.  In  neither  of  these  cases  is  it 
given  even  varietal  rank.  The  form  in  our  area  is  so  well  marked  that  it 
certainly  seems  entitled  to  varietal,  if  not,  indeed,  to  specific  rank.  In 
my  judgment,  the  form  should  be  written  Q.  digiiata  pagodcpfolia  Ell.,  and 
given  a  place  in  the  flora. 


143 

Quercus  Phellos  L.     Willow  Oak. 

Thig  form  has  been  recorded  as  found  in  Gibson,  Posey  and  Knox  CountieB. 
Concerning  the  occurrence  of  this  species  in  this  region,  Dr.  Ridgway 
says:  ''This  species  I  give  with  some  doubt,  not  being  quite  positiye 
that  it  occurs.  I  have  seen,  however,  along  the  road  between  Mount 
Carmel  and  Olney  several  trees  which,  at  the  time  of  inspection,  I  un- 
hesitatingly decided  to  be  Q.  PhelloSj  but  not  having  seen  it  since,  while 
Dr.  Schneck  has  not  recorded  it,  I  place  the  interrogation  mark  before 
it."^  Since  the  publication  of  the  Catalogue  Dr.  Schneck  writes  me  that 
"a  very  narrow-leaved  form  of  Q.  imbricaria  has  probably  been  mistaken 
for  Q.  Phellm^  If  this  be  true,  there  exists  no  definite  record  of  the  oc- 
•  carrence  of  Q.  Phellw  in  Indiana.  Collectors  in  the  southwestern  coun- 
ties should  examine  carefully  as  to  the  correctness  of  this  view. 

Celtis  pumila  (Muhl. )  Pureh. 

"  Rocky  banks  of  Blue  River''  (J.  Schneck,  M.  D.).  This  shrub-like  Hack- 
berry,  undoubtedly  occurs  in  our  area.  It  is  included  by  Britten  and 
Brown  (Vol.  1,  p.  626)  under  C.  occidentalia  L.,  which  is  described  as  a 
"shrub  or  a  tree.''  Sargent  also  includes  under  C  occidentality  of  which 
he  says :  ''A  polymorphous  species;  the  low  shrub  form  of  hillsides  and 
sand  dunes  is  the  C.  pumila  of  Pursh."  The  reasons  for  not  maintaining 
pumila  in  at  least  varietal  rank  are  not  olearly  apparent.  The  form, 
however,  is  in  the  Catalogue,  by  inclusion  in  C.  oceidentiUia. 


Some  Mid-Summer  Plants  of  Soutii-Eastern  Tennessee. 

By  Stanley  Coulter.     - 

The  center  from  which  the  collections  here  reported  were  made  was 
Mt.  Nebo  in  the  Chilhowee  Mountains.  It  is  about  ten  miles  to  the  east 
of  Maryville,  which  gives  the  nearest  railway  communication.  From  the 
summit  of  the  mountain  the  eye  reaches  westward  over  a  beautiful  plain, 
to  the  Cumberland  Moiintains,  while  twenty  miles  to  the  east  there  arise 
the  peaks  of  the  Great  Smoky  Mountains.  The  region  lying  between  the 
Chilhowee  and  (Treat  Smoky  Mountains  is  practically  virgin,  only  rela- 
tively small   areas   having   been   taken   for  agricnltural   purposes.     The 


*Ridffwa7,  Robert.— Note!  on  th«  Native  Treei  of  the  Lower  Wabuh  and  White  River 
Valleys,  in  Illinois  wd  Indiana.    Proc,  U.  S.  NatL  Mua.,  1882,  p.  83. 
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time  of  the  visit  was  the  month  of  August,  and  while  the  object  of  the 
trip  was  not  botanical,  a  few  plants  were  collected  and  i>reserved  as 
well  as  was  possible  under  the  conditions. 

At  the  base  of  the  Chilhowees  runs  Little  River,  its  banks  thiclvly 
clothed  with  timber,  the  most  prominent  form  both  as  to  size  and  number 
being  the  sycamore.  More  Interesting  was  the  fact  that  the  mistletoe, 
which  with  us  is  found  chiefly  upon  the  elm,  the  honey  locust  and  the  oak, 
had  there  Its  favorite  resting  place  upon  the  sycamore.  Upon  the  western 
slopes  of  the  Chilhowees.  the  chestnut  was  the  characteristic  forest  tree, 
reaching  very  often  a  trunk  diameter  of  from  five  to  seven  feet  In  the 
coves  and  upon  the  western  slopes  of  the  Great  Smokies,  pines  made  up 
the  forests,  and  we  drove  through  miles  of  these  forests  whiclv  had  as 
yet  been  free  from  the  lumberman's  axe.  Near  the  summits  of  the  Great 
Smokies  the  trees  were  for  the  most  part  stunted  beeches,  not  more  than 
fifteen  to  twenty  feet  high  or  with  a  trunk  diameter  exceeding  eight 
inches.  Among  the  pines  there  grew  in  abundance  a  briglit  yellow  orchid 
which  I  was  unable  to  collect,  but  took  to  be  either  Habenaria  aistata  or 
lacera.  Upon  the  summit  of  Thunder  Head  in  the  wet  places  the  Indian  pipe 
grew  in  great  masses,  covering  acres  with  its  graceful,  snow-white  blos- 
soms. In  the  lower  levels  and  encroaching  everywhere  upon  the  cultivated 
areas  the  most  attractive  plant  was  the  passion  flower  (Passiffora  incnr- 
nata)j  known  locally  as  maypop.  It  was  one  of  the  most  annoying  wet^ls 
of  the  region.  The  masses  of  rhodondendrons  and  azaleas,  though  past 
the  glory  of  their  bloom,  added  another  feature,  strange  to  northern  eyes. 
These  plants  practically  covered  the  lower  stretches  of  the  mount-Jiin, 
and  when  in  full  bloom  must  have  made  a  most  brilliant  landscape.  No 
attempt  was  made  to  secure  a  complete  collection  of  the  plants  of  the 
region,  only  those  being  collected  which  promised  to  "preserve  easily," 
or  were  of  interest  for  some  special  reason. 

Thanks  are  due  to  Mr.  H.  B.  Dorner,  a  graduate  student  In  botany  at 
Purdue  University,  for  a  critical  study  of  the  collection. 

JuniperiLs   Virginiana  L.     Red  Cedar. 

Common  over  Chilhowee  and  Great  Smoky  Mountainp. 
Panicum  capillare  L.     Witch  Grass.    Tumble  weed. 

Abundant  and  annoying  in  cultivated  areas. 
Commelina  nudijhra  L.     Creeping  Day-flower.     (C.  communis  L.) 

In  moist  places  at  base  of  mountains. 
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StenarUhium  gramiMum  (Ker)  Morong.     (S.  angustifolium  Gray.) 

Found  chiefly  well  up  the  mountain  sides. 
Aletris  fannosa  Jj.     Star  grass.     Colic- root. 

In  situations  similar  to  the  preceding. 
Pogonia  trianthophora  (Sw.)   B.  S.   P.     Nodning  Pogonia.     (P.  pendula  Lindl.) 

From  base  of  mountain  up  to  2,500  feet. 
Gyrostachys  (fracilis  (Bigel.)  Kuntze.     Slender  Ladies'  Tresses.     (Spiranthes  gra- 
cilis Bigel.) 

Usually  well  up  the  side  of  the  mountain. 
TipuUiria  unifolia  (Muhl.)  B.  S.  P.     Crane-fly  Orchis.     (T.  discolor  Nutt.) 

Not  unfrequent  on  western  slope  of  Mt.  Nebo. 
CbrpmiM  Caro/iniana  Walt.    Water  Beech.    Blue  Beech.     (C.  Americana  Michx.) 

Along  streams  throughout  mountains. 
Polygonum  Perucaria  L.     Lady's  Thumb. 

On  Pine  Top,  Blount  County,  Tenn. 
S^knt  ittdlata  (L.)  Ait.     Starry  Campion. 

Abundant  in  woods  throughout  the  mountains. 
Anychia  Canadensis  (L.)  B.  8.  P.     Slender  Forked  Chickweed. 
Clematis  Virginiana  L.     Virgin's  Bower. 

Abundant  along  Little  River,  near  Mt.  Nebo. 
Cassia  nictitans  L.     Wild  Sensitive  Plant. 

Extremely  abundant.     In  places  covering  acres  to  the  practical  exclusion  of 
other  plants. 
Cassia  Torn  L.     Low  Senna.     (C.  obtusifolia  L.) 

On  banks  of  Little  River,  near  Mt.  Nebo. 
Cassia  Marylandxca  L.     American  Senna. 

Found  only  about  tlie  Mountain  House  on  Mt.  Nebo,  at  an  altitude  of  about 
2,500  feet. 
Styfosanthes  hijlora  (L.)  B.  S.  P.     Pencil  Flower.     (S.  elatior  Sw.) 
Meibomianudijhrd  (L.)  Kuntze.     (Desmodium  nuditlorum  D.  C.) 
Lespedeza  repens  (L.  ^  Hart.     Creeping  Bush-clover.     (L.  repens  T.  and  Q.) 
Lespedeza  frutej<c€ns  {L.)  Britton.     (L.  violacea  Fossilillora  Chapm.) 
Lespedeza  hirta  (L.)  Ell.     Hairy  Bush  Clover.     (L.  hirta  L.) 
Lespedeza  striata  (Thunb)  H.  and  A.     Japan  Clover. 

Bradburya  Virginiana  (L.)  Kuntze.     8j)urred  Butterfly  Pea.     (Centrosema  Vir- 
giniana Benth.) 

Very  abundant  in  the  drier  soils. 
Rhynchosia  erecta  (Walt)  D.  C.     (R.  tomentoBa  erecta  T.  and  G.) 
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Oxalis  filipes  8m2L\\,     Slender  Yellow  Wood-Forrel. 

Oq  Mt.  Nebo,  on  western  slope,  August,  1892. 
OxalU  fdricta  L.     Upright  Yellow  Wood-sorrel. 

Abundant  in  moist  soils  along  banks  of  Little  River. 
Poly  gala  Curiisaii  A.  Gray. 
Polygala  alba  Nutt.     White  Milk-wort. 

Very  abundant  in  open  places  on  Mt.  Nebo. 
Phylliinthui  Carolineimia  Walt. 
Acalypha  gracUtnn  Gray.     Three-seeded  Mercury. 

Abundant  in  thickets. 
Euphorbia  nut  am  Lag.     Upright  Spotted  Spurge.     (E.  hypericifolia  Gray.) 
Euphorbia  eorolluta  L.     Flowering  Spurge. 

Common  throughout  mountains. 
Inpati^na  bifiora  Walt.     Spotted  Touch-me-not.     (L  fulva  Nutt.) 

Near  Little  River,  Blount  County,  Tenn. 
Rhamnus  Caroliniana  Walt.     Carolina  Buckthorn. 

Along  banks  of  Little  River,  Blount  County,  Tenn. 
Sida  gpinoea  L. 

Common  throughout  mountains  and  about  cultivated  fields. 
Afcyrum  hyperiroides  h.     St.  Andrew's  Cross.     (A.  Crux- Andrea?  L.) 
Hypericum  adprensum  Hart.     Creeping  St.  John*8-wort. 
Hypericum  virgatum  Lam.     (H.  angulosum  Michx. ) 
Hypericum  mutilum  L.     Dwarf  St.  John's-wort. 

Sarothra  gentianoidea  L.    Orange-grasH.    Pine- weed.  (Hyj)erioum  Sarothra  Michx. ) 
Ludwigia  altemifolia  L.     Rattle-box. 

Angelim  villosa  (Walt)  B.  S.  P.     (Archangelica  hirsuta  T.  and  G.) 
Comusjiorida  L.     Flowering  Dogwood. 

On  Pine-top  mountain  at  2,700  feet  altitude. 
Rhododendron  maximum  L.     Great  Laurel.     Rose  Bay. 

Common  in  Great  Smoky  and  Chilhowee  mountains,  along  streams,  forming 
dense  thickets  or  ^* dicks"  near  the  base. 
Xoli^mui  lignstrina  (L.)  Britton.     (Andromeda  ligustrina  Muhl.) 
Oxydendi-um  arhorenm  (L.)  D,  C.    Sour- wood.     Sorrel-tree. 
Vaeeinium  nrgatum  Ait.     Southena  Black  Huckleberry. 

Mohrodendron  Garolinum  (h.)  Bniion.     Silver-bell  Tree.     (Halesia  tetraptera  L. ) 
Ipomcca  panduraia  (L.)  Meyer.     Wild  Potato  Vine. 

Abundant  on  Mt.  Nebo. 
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Ipomiva  pandurata  hastata  Chapm  (?). 

More  abundant  than  the  type  especially  in  the  lowlands  bordering   upon 
Little  river. 
Cutcuta  ai-vensis  Beyrich.     Field  Dodder. 

On  Pennyroyal,  at  foot  of  Mt.  Nebo. 
Hedeoma  jntlegioides  (L.)  Pers.     Pennyroyal. 
Solanum  Carolinenf^e  L.     Horse-nettle. 

Banks  of  Little  River,  and  in  adjoining  cultivated  fields.     Locally  known  as 
''Tread-softs." 
Dasystoma  laevigata  Raf.     ((ierardia  (jueroifolia  integrifolia,  Benth.) 
Ruellia  ciliom  Pursh.     (Dipteracanthus  ciliosus  Nees.) 
Houstonia  carulra  \j.     Bluets.     Innocence.     (Oldenlandia  cu?rulea  Gray.) 
Houstonia  purpurea  L.     (Oldenlandia  purpurea  Gray.) 
Diodia  teres  Walt.     Rough  Button-weed. 
Lobelia  amnna  glandvHfera  A.  Gray.     Southern  Lobelia. 

Abundant  on  Mt.  Nebo. 
Lobelia  mflata  L.     Indian  Tobacco. 

Very  common  throughout  the  mountains. 
Lac.inaria  niuairom  {\j.)  W\\\.  Blazing  Star.  Colic-root.  (Liatrissquarrosa  Willd.) 

On  each  side  of  Pine  Top,  Chilhowee  mountains. 
Oraphalium  obhmfolium  L.     Sweet  Balsam.     (O.  polycephalum  Michx.) 

Near  base  of  Mt.  Nebo. 
Silphium  terebinthinaceinn  Jacq.     Prairie  Dock.     (8.  compoiitum  Michx.)? 

On  Pine  Top,  Chilhowee  Mountains  in  considerable  abundance. 
Achillea  millefolium  L.     Yarrow. 

Abundant  throughout  the  raountain.«. 

The  nomenclature  of  the  article  is  that  of  Britten  and  Brown's  Illus- 
trated Flora  of  the  Northern  States  and  Canada,  the  names  in  parenthesis 
being  those  used  by  Chapman  in  his  Flora  of  the  Southern  United  States, 
edition  of  1872. 

While  Dr.  Gattinger  has  done  excellent  work  in  the  collation  of  the 
flora  of  Tennessee,  there  remains  in  the  southeastern  counties,  especially 
in  the  deeper  coves,  large  areas  that  as  yet  are  practically  botanically 
unknown.  The  remoteness  of  these  regions  from  ordinary  lines  of  travel, 
and  the  unprogressive  character  of  the  Inhabitants,  have  joined  to  keep 
this  area  in  a  nearly  virginal  state.  No  collecting  tour  could  be  more 
profitable  botanically  than  one  through  the  coves  and  mountain  ravines 
between  the  Great  Smoky  and  Chilhowee  Mountains. 
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A  Study  of  the  Constiiuents  of  Corn  Smut.* 
By  William  Stuart. 

In  connection  with  8ome  studies  upon  corn  smut,  wliicli  were  pub- 
lislied  in  the  twelfth  annual  report  of  the  Indiana  Experiment  Station/ 
the  question  as  to  whether  corn  smut  actually  contained  some  principle 
injurious  to  farm  animals  was  given  some  attention.  This  portion  of  the 
work,  which  was  performed  by  the  writer  under  the  supervision  of  Dr. 
Arthur,  was  not  completed  in  time  for  publication  with  the  other  studies 
mentioned.  This  work  consisted  in  making  extracts  of  the  corn  smut, 
and  determining,  by  means  of  standard  alkaloidal  reagents,  whether  it 
contained  an  alkaloid  or  not.  It  also  included  a  study  of  the  pliysio- 
logical  action  of  the  (?xtract  upon  horses,  when  administered  to  them  either 
hypodermically  or  per  orum.  For  the  latter  portion  of  the  work  the  writer 
is  greatly  indebted  to  Dr.  R.  A.  Craig,  of  the  Veterinary  Department, 
who  administered  the  doses  and  observed  its  effects. 

In  the  preparation  of  the  extract  valuable  assistance  was  rtKjeived  from 
Mr.  J.  W.  Sturmer.  of  tlie  Purdue  School  of  Pharmacy. 

TESTS  FOR  ALKALOIDAL  SALTS. 

The  methods  employed  In  testing  for  alkaloidal  salts  were  to  make  an 
alcoholic  extract  of  the  smut  spores  and  such  detritus  as  would  pass 
through  a  fine  sieve.  A  hundred  grams  of  the  smut  spores  were  weighed 
out  and,  after  thoroughly  moistening  tliem  in  an  open  disli  with  a  IivP>i  per 
cent,  solution  of  alcohol,  they  were  again  passed  through  a  sieve  to  break 
up  all  lumps,  then  transferred  to  a  percolator  previously  fitted  up  for  the 
purpose.  Sufficient  alcohol,  of  the  same  strength  as  that  previously  men- 
tioned, was  added  to  cover  the  spores.  Maceration  of  the  spores  was 
continued  for  twenty-four  hours  before  any  of  the  liquid  was  allowed  to 
pass  over  into  the  receiving  flask,  the  latter  being  so  adjusted  as  to  prt»- 
vent  it  At  the  end  of  this  period  the  receiving  flask  was  lowered  so  as 
to  permit  of  about  two  drops  passing  over  Into  the  flask  per  minute.  The 
percolation   was   continued   until  the  percolate  was   colorless,   sufficient 


*  AbBtraot  of  an  artiole  pabliihed  in  the  ThirtMnth  Ann.Rep.of  the  Ind.  Ezp.  Sta., 
PP.2&-82,Jaii.,1901. 

(')    Arthur  and  Stuart,  Twelfth  Ann.  Beport  Ind.  Exp.  8U.,  p.  84-135,  Jan  ,1900. 
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alcohol  being  juUIimI  from  time  to  time  to  keep  the  surface  of  the  six>res 
covert^l  with  the  liiinid.  The  lirst  5U  cc.  of  tlie  percolate  was  set  aside  aud 
the  balance  collected  and  e\  jiporatcKl  down  to  5n  cc.  on  a  steam  bath.  This 
was  added  to  the  lirst  amount  saveil  making  ion  cc.  of  the  extracts  Each 
cc.  of  the  extract  representing  one  gram  of  the  spores. 

In  testing  the  extract  for  alkaloids  a  certain  amount  of  it  was  taken 
and  evaporated  to  dryness  on  a  steam  bath.  The  residue  was  treated  with 
a  five  per  cent,  solution  of  sulphuric  acid,  and  liltered.  The  tiltrate  was 
then  subjected  to  tests  with  the  following  reagents: 

1.  Potassium  iiH'rcuric  iodide  (Mayer's  solutioni. 

2.  Phosphotungstic  acid. 

.*{.    Io<line  in  i)<)tassium  io<lide  solution. 

4.    Picric  acid. 

A  small  portion  of  the  liltrate  was  poured  out  into  each  of  four  watch- 
glass  crystals  and  then  a  drop  or  two  of  the  reagents  added.  The  reactions 
obtained  by  this  method  were  as  follows: 

Keagent  1.    A  slight  milky  turbidity  was  produced. 

Reagent  2.    A  decide<l  milky  turbidity  was  obtained. 

Keagent  .*».    No  vi.sible  reaction. 

Ueagent  4.    No  visible  reaction. 

A  number  of  tests  with  the  same  and  with  fresh  lots  of  extract  pre- 
pareil  in  the  same  manner  gave  similar  results. 

TKSTS  FOR  TOTAL  ALKALOIDS. 

In  testing  for  total  alkaloids  a  modified  '*Prollius  Fluid"''  was  used. 
Two  meth()ds  were  employed.  The  first  was  to  treat  two  grams  of  the 
smut  for  four  hours  with  50  cc.  of  "Prollius  Fluid"  in  a  well  stoppered 
conical  flask.  The  contents  of  the  flask  were  vigoroiisly  shaken  at  inter- 
vals during  that  pcri(»d.  After  macerating  four  hours  the  super- 
natant solution  was  drawn  off  and  filtered.  The  filtrate  was  evaporated 
to  dryness  on  a  steam  bath  aud  the  residue  treated  with  a  five  per  cent, 
solution  of  sulphuric  acid.  The  acid  sohition  was  filtered  and  the  filtrate 
tested  as  mentioned  for  tlie  alcoholic  extract.  The  reactions  obtained 
were  in  each  instance  similar  to  those  given  for  alkaloidal  salts. 

The  second  metliod  employed  consisting  in  macerating  ten  grams  of 
the  smut  spores  in  10(>  cc.  of  "Prollius  Fluid'*  for  twenty-ftmr  hours.    The 


'  MoUitied  Prullius  Flaid:    Ether,  250  c.  c;  Chloroform,  100  c.  c;  Alcohol,  25  c.  c;  T&^ii 
Ammonia,  10  c.  c. 
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flask  coutaining  the  spores  being  agitated  at  frequent  Intervals  during  tliat 
period.  The  supernatant  liquid  was  drawn  off  and  filtered,  and  50  cc.  of 
it  transferred  to  a  separatory  funnel  and  subjected  to  the  "shaking  out" 
process  as  outlined  in  Sturmer  and  Vanderkleed's  "Course  in  Quantitative 
Analysis:  r>l-G4,  1808,  under  'Process  1.— General  for  Total  Alkaloid.'  " 
The  results  obtained  from  this  method  by  the  reagents  were  quite  similar, 
although  more  marked,  to  those  of  the  preceding  ones. 

Reagent  1.  A  slight  turbidity  was  obtained  which,  on  standing  for 
some  time,  deposited  a  dark  brownish  substance  on  the  bottom  of  the 
glass. 

Reagent  2.  A  marked  cloudiness  was  obtained  which,  on  standing  for 
some  time  deposited  a  whitish  crystalline  precipitate  on  the  bottom  of 
the  glass. 

Reagent  3.    No  visible  reaction  or  any  deposit  after  standing. 

Reagent  4.  No  visible  reaction,  but  on  standing  a  slight  deposit  was 
noticed  on  the  glass. 

TESrS  FOR  ALKALOIDS  IN  COMMERCIAL  EXTRACTS  OF  ERGOT 

AND  CORN  SMUT. 

The  uniformity  of  the  results  obtained  from  the  reagents  employed, 
the  first  two  giving  positive  and  the  last  two  negative  reactions  in  each 
instance,  led  to  an  examination  of  the  commercial  extracts  of  both  ergot 
and  corn  smut. 

Ergot  of  rye  test.— The  commcreial  fluid  extract  of  ergot  was  obtained 
from  a  leading  wholesale  druggist  in  the  city,  whose  supply  was  obtained 
from  the  well-known  firm  of  Park  Davis  &  Co.,  of  Detroit  Michigan.  The 
fluid  extract  was  evaporated  to  dryness  over  a  steam  bath,  the  residue 
treated  with  dilute  sulphuric  acid  and  filtered.  Tests  of  the  filtrate  were 
made,  and  the  reactions  obtained  were  as  follows: 

Reagent  1.    A  yellowish  brown,  curdy-like  precipitate  was  obtained. 

Reagent  2.  A  cloudy  white  precipitate  was  obtained  which  on  stand- 
ing changed  to  a  purplish  brown,  curdy-like  substance. 

Reagent  3.    A  reddish  brown  precipitate  was  obtained. 

Reagent  4.    No  visible  reaction  obtained. 

Com  smut  ergot  test,— The  material  used  was  obtained  from  the  same 
local  druggist,  who  In  turn  received  his  supply  from  the  well-known  firm 
of  Merrill  &  Co.,  Oincinnati,  Ohio.    The  fluid  extract  was  treated  in  the 
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same  way  as  in  the  preceding  test  and  the  reactions  obtained  were  some- 
what similar. 

Keagent  1.  A  precipitate  was  formed,  but  it  was  not  so  marked  as  in 
the  ergot  of  rye. 

Keagent  2.    Reaction  much  the  same  as  tliat  in  rye  ergot. 

Reagent  3.    Reaction  not  quite  so  marlied  as  in  tlie  rye  ergot. 

Reagent  4.    No  reaction  was  obtained. 

A  brief  summary  of  the  woric  shows  that  a  substance  was  obtained  in 
all  tlie  extracts  made  which  gave  positive  reactions  with  the  first  two 
reagents  used  and  negative  ones  with  the  last  two. 

Commercial  extracts  oT  rye  ergot  and  ol'  corn  jsiniit  gave  similar  reac- 
tions to  those  obtained  from  the  corn  smut  extract  prepared  in  the  lab- 
oratory, in  the  case  of  reagents  one  and  two,  and  in  addition  gave  marked 
results  with  reagent  three. 

IMIYSIOLOGICAL     EFFECT    OF     AN     ALCOHOLIC     EXTRACT     OF 
CORN   SMUT   UPON    HORSES. 

The  study  of  the  physiological  effect  of  an  alcoholic  extract  upon 
horses  was  carried  on  in  conjunction  with  that  of  the  alkaloidal  tests  in 
the  laboratory,  the  alcoholic  extract  used  being  prepared  by  the  writer 
in  the  same  manner  as  that  described  in  the  preceding  pages.  The  experi- 
mental work  upon  the  horses  was  performed  by  Dr.  R.  A.  Craig,  of  the 
Veterinary  Department  of  Purdue  University. 

The  appended  notes  upon  the  amounts  and  effects  of  the  doses  admin- 
istered were  taken  by  him  and  have  been  kindly  placed  at  my  disposal. 

Horse  No.  l.—A  gelding,  poor  in  flesh,  but  healthy,  was  given  15  cc.  of 
the  extract  subcutaneously.  The  dose  seemed  to  have  no  effect.  The 
next  day  30  cc.  were  given  in  the  same  way.  In  twenty-five  minutes  he 
stopped  eating.  The  pulse  and  breathing  w^ere  quickened  and  the  peri- 
staltic movements  of  tlio  intestines  were  increased.  Forty-five  minutes 
after  the  drug  was  given  faeces  were  passed.  No  further  effects  were 
noted. 

Horse  No.  2.— A  gelding  In  good  condition  was  given  25  cc.  subcutane- 
ously. In  twenty  minutes  he  became  restless,  stopped  eating,  and  the 
pulse  and  breathing  were  quickened.  A  moist  evacuation  of  faeces  oc- 
curred in  twenty-five  minutes.  An  hour  after  giving  the  Injection  Its 
effects  had  passed  off.    Two  days  afterwards  45  cc.  were  given.    The  horse 
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soon  became  restless,  the  iiitestiual  muruiurlngs  were  loud  and  an  evacua- 
tion of  faeces  soon  followed.  When  made  to  turn  in  the  stall  his  move- 
ments were  slow  and  unsteady.  One  hour  after  giving  the  injection  his 
pulse  was  sixty  and  his  respirations  forty-three  per  minute.  He  refused 
to  eat  and  remained  dull  till  noon  the  following  day.  After  an  interval  of 
a  few  days  the  horse  was  given  130  cc.  per  orum.  In  forty  minutes  he 
stopped  eating,  his  pulse  and  breathing  were  quickened,  but  outside  of  this 
no  other  effects  of  the  drug  were  noted. 

A  brief  summary  of  the  results  show  that  an  Injection  of  25  to  30  cc. 
of  the  drug  caused  restlessness  and  increased  peristaltic  movements  of 
the  intestines.  This  was  followed  shortly  by  evacuation  of  the  contents 
of  the  rectum.  At  the  same  time  the  pulse  and  respiration  were  quick- 
ened.   The  effects  of  the  dose  passed  off  in  an  hour. 

The  Injection  of  45  cc.  produced,  in  addition  to  the  above  symptoms, 
a  dullness  and  an  unsteady  gait  when  made  to  move.  The  effects  of  the 
dose  were  much  more  lasting.  The  horse  remained  dull  and  refused  to 
eat  for  twenty-four  hours. 

A  15  cc.  subcutaneous  injection  and  a  130  cc.  per  orum  dose  produced 
but  little  effect. 

While  the  results  of  both  the  chemical  and  physiological  tests  of  the 
corn  smut  are  at  variance  with  those  obtained  by  some  other  investiga- 
tors," they  are  in  accordance  with  results  of  a  number  of  chemists,*  and 
to  some  extent  in  their  physiological  action  to  that  obtained  by  Dr. 
Mitchell,*  whose  experiments  wore  performed  upon  the  frog.  The  con- 
cordance of  the  results  obtained  from  both  the  chemical  and  physiological 
tests  would  indicate  the  presence  in  minute  quantity  of  some  narcotic  in 
corn  smut.  What  this  narcotic  is,  and  why,  when  corn  smut  Is  consumed 
in  large  quantities  by  farm  animals,  it  does  not  produce  more  harmful 
results,  are  questions  which  are  yet  to  be  determined. 


'  Kedzie,  Bull.  Mich.  Ezp.  SU.,  No.  137  :  45, 1896. 
Mayo,  Bull.  Kani.  Ezp.  Sta..  No.  .58 :  69, 1896. 

*  Dalong,  Journ.  de  Pharm.  14  :  .556. 1828. 
CroBBler,  Amer.  Journ.  Pharm.  for  1861 :  306. 
Pafbodb,  Rep.  D«pt.  A  trio,  for  1880 :  136-138, 1881. 
Hahn,  Amer.  Journ.  Pharm.  53 :  496, 1881. 
Rademaker  and  FiBcher,  Med.  Herald  for  1887 :  775. 

*  Mitchell,  JaB.— The  PhjBloloffioal  Action  of  Ustilaffo  maidiB  on  the  Nervous  System, 
Inauff.  TheBiB,  UbIy.  Pa.,  1883.    Therap.  Qai.,  Detroit,  10 :  223-227, 1886. 
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A  Bacterial  Disease  of  Tomatoes.* 

[Abstract.] 
By  William  Stuart. 

During  the  winter  of  1808-99,  while  engaged  in  an  experimental  study 
in  the  growing  of  tomatoes  by  tlie  aid  of  chemical  fertilizers,  considerable 
annoyance  was  oocasioiie<i  by  the  appearance  of  a  disease  which  attacked 
the  fruit  and  rendered  it  unmarlvetable.^    Usually  the  fruit  showed  no  sign 


FiK.  1.    Tomatoes  affected  with  bacterial  diieaie. 

Of  injury  until  two-thirds  grown,  and  sometimes  not  until  fully  developed. 
The  first  visible  appearance  of  the  disease  in  Infected  fruits  w^as  In  a  slight 
watery  discoloration  of  the  tissue  beneath  the  epidermis.    As  the  disease 


[*Pablished  in  full  in  the  Thirteenth  Ann.  Rep.  of  the  Ind.  Exp.  SU.,  pp.  33-36,  Jan., 
1901.] 

*A  disease  similar  in  its  character  was  reported  by  Beach,  in  Bulletin  125  of  the  New 
York  SUte  Agr.  Ezp.  Sta.,  Qenera,  pp.  305-306,  J ulj,  1897. 

11— A.OV  SCIENOB. 
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progressed,  the  affected  portion  assumed  a  darker  color,  followed  by  a 
gradual  depression  of  the  infected  tissue,  resembling  in  many  cases  that 
caused  by  the  blacli  rot  Macrosporium  solaui  (see  Fig.  I),  but  without 
any  fruiting  liyphae  growing  on  the  surface  of  the  eplaermis.  It  rarely 
wholly  destroyed  the  fruit,  but  as  a  rule  seemed  to  hasten  its  maturity. 
Generally  the  disease  attacked  the  apical  portion  of  the  fruit;  in  a  few 
instances,  however,  the  central  or  basal  portions  would  show  the  charac- 
teristic watery  discoloration. 


a  b 

Fig.  2.    Original  condition  of  the  fruit  prior  to  infection. 


a  b 

Fir.  3.    Changed  condition  of  fruit  *'b"  due  to  infection. 


A  microscopical  examination  of  diseased  portions  of  the  fruit  gave  no 
evidence  of  the  presence  of  any  parasitic  fungus.  The  presence  of  a  motile 
bacillus  seemed,  however,  to  be  fairly  constant  in  all  tissue  examined. 

Isolation  of  the  germ.^ln  the  isolation  of  the  germ  two  different  meth- 
ods were  employed.  In  one  sections  of  the  diseased  tissue  were  removed 
from  the  fruit  with  a  flamed  knife  and  transferred  to  bouillon  tubes,  from 
which  loop  plate  cultures  were  made  In  agar.    In  the  other  method  direct 
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inoculation  of  the  tubes  were  made  from  the  inner  portions  of  dis- 
eased tissue  by  means  of  a  sterilized  platinum  wire. 

The  cultures  obtained  from  both  of  these  methods  were  apparently 
similar,  both  contained  a  minute  motile  bacillus,  having  the  same  ap- 
pearance as  that  noted  in  the  microscopical  examination.  The  germ  thus 
obtained  was  assumed  at  the  time  to  be  the  same  as  that  seen  in  the  dis- 
eased fruit,  but  its  after  behavior  did  not  in  all  respects  bear  this  out. 

Growth  of  the  germ  upon  agar. —The  growth  of  the  germ  upon  slightly 
acid  slant  agar  was  quite  characteristic;  it  produced  a  vigorous  growth, 
with  irregular  outline  all  along  the  track  of  the  needle.  The  color  of  the 
colonies  upon  agar  was  creamy  white  on  the  margins,  becoming  yellowish 
towards  the  center,  and  having  a  marlied  viscid  surface. 

Inoculation  experiments.— On  February  15  two  tomatoes  which  had 
every  appearance  of  being  perfectly  healthy  were  removed  from  plants  in 
an  adjoining  room.  One  of  these  was  inoculated  with  a  pure  culture  of 
the  germ,  by  puncturing  the  epidermis  with  a  sterilized  needle,  and  with  a 
sterilized  platinum  wire  transferring  the  germs  from  the  tube  to  the 
interior  of  the  fruit.  The  other  fruit  was  infected  by  merely  smearing 
the  germs  over  the  surface  of  the  pistillate  portion  of  the  fruit.  After 
inoculation  both  fruits  were  placed  under  a  bell  jar.  At  the  end  of  the 
second  day  the  first  fruit  showed  signs  of  infection;  a  portion  of  the  cells 
adjacent  to  the  opening  made  for  the  introduction  of  the  germ  were  fast 
turning  a  dark  color.  In  a  week  the  greater  portion  of  the  tomato  was 
diseased  and  was  giving  oft*  an  offensive  odor.  By  March  1;  or  fourteen 
days  after  the  time  of  infection,  it  was  completely  decomposeil,  while  the 
one  on  which  infection  material  had  been  smeared  sliowed  no  signs  of 
disease. 

On  March  2  two  more  healthy  tomatoes  were  removed  from  the  vines, 
and  after  pliotojrrapiiing  them  they  were  inoculated  in  the  same  way  as 
those  in  the  previous  experiment.  The  progress  of  the  disease  in  this  ex- 
periment was  not  <iuite  so  rapid  as  in  that  of  the  first,  some  twenty  days 
elapsing  before  the  whole  fruit  was  affected.  Like  tlie  first  the  fruit  into 
which  the  germs  were  introfluced  was  totally  destroyed,  while  the  other 
remained  perfectly  sound.  The  fruits  were  again  photographed  on  March 
22.  Fig.  II  represents  them  previous  to  inoculation,  while  in  Fig.  Ill 
the  changed  condition  of  the  diseased  fruit  is  shown. 

In  order  to  determine  whether  the  same  effects  would  be  obtained  by 
inoculating  the  fruit  on  the  vine,  a  cluster  of  fruit  containing  four  half 
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to  two-thirds  grown  tomatoes  was  selected  for  experimentation.  Two  of 
the  tomatoes  were  inoculated  by  introducing  the  germs  into  the  tissues  of 
the  fruit  with  a  sterilized  needle.  In  order  to  note  the  effect  of  the  injury 
from  needle  puncture  the  third  fruit  in  the  cluster  was  puncture<l  with  a 
sterilized  needle,  while  the  fourth  was  reserved  for  control.  All  inocula- 
tions were  made  on  the  north  side  of  the  fruit  in  order  to  avoid  any  action 
of  the  sun  upon  the  wounds.  Three  days  later  the  tissues  surrounding  the 
Infected  portions  of  the  first  two  fruits  had  begun  to  grow  darker.  From 
this  time  on  the  progress  of  the  disease  was  (luite  rapid.  So  ill  effects 
could  be  noted  on  the  fruit  punctured  with  the  sterilized  needle,  both  of 
the  latter  fniits  remaining  perfectly  healthy. 

In  comparing  the  action  of  the  disease  produced  'n  the  artificially  in- 
oculated fruit  with  that  of  one  naturally  Infected,  it  will  be  noted  that 
with  the  exception  of  the  first  appearance  of  the  disease  their  action  was 
entirely  different.  In  the  natural  Infected  fruit  there  was  no  offensive 
odor,  the  disease  rarely  affected  the  whole  fruit,  and  never  caused  a 
sloughing  of  the  cell  tissues,  as  did  the  artificial  infections.  The  wide 
difference  In  the  action  of  the  germ  in  the  natural  and  artificially  infected 
fruits  may  indicate  that  they  were  not  the  same,  although  loolving  so  much 
alike,  or  it  may  be  explained  by  supposing  that  in  the  naturally  infected 
fruits  the  epidermis,  not  being  broken,  excludes  all  putrefactive  bacteria. 
The  putrefactive  bacteria  having  access  through  the  wound  caused  by 
artificial  inoculation,  feed  upon  the  tissues  destroyed  by  the  inoculated 
germ,  and  thus  the  two  acting  in  conjunction  make  the  destruction  of  the 
fruit  much  more  rapid  and  complete.  The  uniformity  of  the  results  ob- 
tained seems  to  favor  the  latter  assumption. 

SUMMARY. 

A  decay  of  green  fruits  on  tomato  plants  grown  in  the  greenhouse 
seemed  from  microscopical  examination  to  be  of  bacterial  origin. 

The  fruit  showed  patches  that  looked  watery,  became  depressed,  and 
after  a  time  turned  blackish.  Usually  the  disease  started  at  the  apical 
portion  of  the  fruit.  No  evidences  of  a  fungus  were  present.  Attempts  to 
separate  a  specific  germ  were  apparently  successful. 

Introducing  the  supposed  germ  into  the  fruit  by  puncturing  the  epi- 
dermis in  every  instance  produced  a  disease. 
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The  disease  caused  by  the  germ  from  the  cultures  did  uot  coincide 
very  closely  with  that  from  natural  infection,  and  there  is  still  doubt  if 
the  two  be  the  same. 

No  preventive  measures  can  bo  sugp:ested  with  the  limited  knowledge 
of  the  disease  yet  available. 


Device  for  Sitpportinu  a  Pasteur  Flask. 
By  Katherine  E.  Golden. 

Notes  on  the  Microscopic  Structure  of  Woods. 
Bv  Katherine  K.  Golden. 


Movement  of  I^rotoplasm  in  the  IIypu.e  of  a  Mould. 
By  Katherine  E.  Golden. 


Description  of  Certain    Bacteria    Obtained    from    Nodules 
OF  Various  Lecjuminous  Plants. 

By  Severance  Burrage. 

(A  preliminary  study  on  the  conitancy  of  the  distribution  of  bacterial  species  in  definite 
ipecies  of  leguminous  plants.) 

It  lias  been  (luite  thoroughly  proven  that  several  diCferent  species  of 
bacteria  may  be  found  in  the  nodules  of  various  leguminous  plants.  The 
followinjjT  (luestions,  liowever.  liave  not,  it  seems  to  me,  been  definitely 
settled  witli  rejrard  to  thoni: 

Does  tlio  same  species  of  bacteria  always  occur  in  the  same  species 
of  legume  V 

Does  the  same  species  of  bacteria  always  occur  throughout  all  the 
nodules  on  the  same  plant  of  any  species  of  legume? 

Does  the  same  species  of  bacteria  always  occur  In  the  nodules  of  all 
the  plants  in  a  field  planted  with  one  species  of  legume? 
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Does  the  same  species  of  bacteria  occur  constautly  in  the  same  species 
of  legume  year  after  year? 

The  following  descriptions  are  merely  the  beginning  of  an  attempt  to 
inyestigate  and  answer  these  questons. 

For  much  of  the  culture  work,  I  am  indebted  to  Mr.  T.  R.  Perry,  one 
of  the  students  in  Purdue  University  last  year. 
SPECIES  1. 

Separated  twenty  times  from  the  nodules  of  Trifolium  pratense. 

MORPHOLOGY. 
Bacilli  with  rounded  ends,  occurring  sometimes  singly,  but  generally 
in  pairs.    These  bacilli  measured  from  .75  to  1  mu  in  width,  and  2  mu  In 
lengtli.    Examination  of  Zoogloea  masses  on  agar  shows  a  dlstiuoi  capsule 
formation  sometimes  measuring  3  mu  in  width  and  4  mu  in  length. 

BIOLOGICAL   CHARACTERS. 

An  aerobic,  liquefying,  motile,  chromogenic  bacillus,  growing  well  at 
room  temperature,  but  slightly  better  at  37%  C**. 

On  gelatin  plates  the  colonies  are  large  and  white,  liquefying  the 
gelatin  in  a  very  short  time. 

A  funnel  shaped  liquefaction  occurs  in  gelatin  stab  cultures  in  about 
15  days,  and  a  distinct  greenish  fluorescence  is  given  to  the  li^iuid  portion, 
while  a  white  precipitate  sinks  to  the  bottom  of  the  "funnel."  After  all 
the  gelatin  is  liquefied,  a  distinct  green  niycoderm  is  formed  on  the 
surface. 

On  the  agar  streak  there  is  a  thin,  spreading  light-green  growth  which 
imparts  a  distinct  fluorescence  to  the  agar.  On  older  cultures,  this  growth 
thickens  and  forms  a  luxuriant  zoogloea  mass  all  over  the  agar.  It  is 
from  such  conditions  that  the  capsule  stage  may  be  obtained.  Upon 
potato  a  slimy,  yellowish,  dirty-brown  growth  takes  place  along  the  line 
of  inoculation,  which  growth  becomes  darker  with  age. 

Milk  Is  quickly  coagulateil,  and  the  whey  takes  on  a  greenish  fluor- 
escence.   This  milk,  however,  remains  neutral. 

In  solutions  containing  nitrates,  all  nitrates  are  changed  to  nitrites  in 
from  five  to  seven  days. 

Glucose  solutions  are  not  fermented. 
SPECIES  2. 

Separated  several  times  from  the  nodnles  of  Vlcla  satlva. 
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MORPnOLOGY. 

In  crushed  nodules  the  "bacteroid"  appearance  is  quite  common,  while 
on  the  various  artificial  culture  media  these  are  rarely  seen.  Upon  these 
media,  they  appear  as  bacilli  with  rounded  ends,  often  united  In  pairs. 
They  measure  .8  mu  in  width  and  1.5  mu  in  length. 

lJI(>LO(UrAL    CHAKACTEHS. 

This  form  is  a  faculative  anaerobe,  motile,  non-liquefying,  non-chrom- 
ogenic.     Grows  well  at  the  room  temperature,  and   better  at  the  body 
temperature.     In  gelatin  stab  cultures  a  line  of  very  small  colonies  Is  • 
formed  along  the  line  of  pun(?ture. 

On  agar  plates  the  colonies  appear  in  thirty-six  hours,  the  surface 
colonies  having  a  whitish  appearance,  while  the  deeper  ones  have  a  yel- 
lowish tinge. 

The  agar  streak  gives  rise  to  a  slimy,  viscous,  whitish  growth,  having 
no  tendency  to  spread  over  the  agar. 

On  potato,  a  rather  restricted  whitish  growth  takes  place  very  slowly, 
and  this  growth  is  very  slimy. 

In  solutions  containing  nitrates,  after  twenty  days,  a  considerable  por- 
tion have  been  reduced  to  nitrites,  but  not  all,  as  there  was  positive  test 
for  nitrates  as  well  as  for  nitrites. 

Glucose  solutions  are  not  fermented. 

Milk  is  not  coairulatod.  yet   is  rendered  strongly  acid. 
SPECIES  3. 

Separateil  in  several  instances  from  nodules  of  Phaseolus  nasus. 

MORPIiOLOUV. 

Bacilli  with  rounded  ends,  usually  united  in  pairs. 
Measurement.  1.5  mu  in  width.  3  mu  in  length. 

lUoLolJICAL    CHARArXERS. 

An  aerobic,  liquefying,  motile  nonchromogenic  bacillus,  which  grows 
very  slowly  at  the  room  temperature,  but  quickly  at  the  body  tempera- 
ture. In  Kclatin  stab  cultures  tlie  liquefaction  occurs  in  a  straight  line 
across  the  tube.    The  whole  mass  of  gelatin  becoming  liquefied  in  15  days. 

On  gelatin  plates  the  colonies  reach  one-sixteenth  of  an  Inch  In  diam- 
eter, circular  in  outline. 
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Ou  agar  plates,  the  colonies  are  also  about  one-sixteenth  of  an  inch 
In  diameter,  but  are  somewhat  irregular  in  outline,  and  very  finely  granu- 
lar. 

On  the  agar  streak,  there  is  a  luxuriant  dirty-white,  slimy  growth, 
giving  a  very  slight  fluorescence. 

On  potato,  there  is  at  first  a  flesh-colored  growth,  later  becoming  a 
dirty  white,  and  on  the  very  old  cultures,  a  brown. 

Glucose  solutions  are  not  fermented. 

Nitrate  solutions  give  a  fair  test  for  nitrites  after  24  days. 

Milk  is  in  no  respect  changed  by  this  species. 
SPECIES  4. 

Found  in  several  nodules  on  Trifolium  hybrldum. 

MORPUOLO(iY. 

Bacilli  occurring  usually  In  pairs,  rarely  singly. 

In  the  nodules,  these  bacilli  measure  1.5  rau  in  width,  and  4  mu  in 
length.  When  taken  from  culture  media  they  measure  f.75  mu  in  width 
and  5  mu  in  length. 

BIOLOGICAL   CHARACTERS. 

This  form  is  a  facultative  anaerobe,  non-liquefying,  non-chromogenic 
bacillus,  quite  actively  motile.  Grows  better  at  the  body  ttMuperature  than 
at  the  room  temperature. 

In  gelatine  stab  cultures  there  is  a  scattered  growth  of  individual  col- 
onies along  the  line  of  inoculation,  witliout  liquefaction  of  the  gelatin.  An 
Irregular  button-like  growth  takes  place  on  the  surface  of  the  gelatin.  In 
bouillon  rendered  slightly  acid,  no  growth  whatever  took  place,  while  in 
neutral  bouillon  an  abundant  growth  occurred. 

On  agar  streak  a  non-spreading  flesh-colored  growth  appears,  and  on 
potato  a  light  lead  colored  growth  follows  the  line  of  inoculation  which 
becomes  slimy  after  four  days. 

Glucose  solutions  are  not  fermented. 

Nitrate  solutions  are  wholly  reduced  to  nitrites. 

Milk  is  unchanged. 
SPECIES  5. 

Found  in  nodules  on  several  plants  of  Trifolium  reflexum. 
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MORPHOLOGY. 


Bacilli  usually  arranpod  in  pairs,  rarely  singly.  They  measure  .5  mu 
In  width,  and  1.5  mu.  in  length. 

BIOLOGICAL    CHARACTERS. 

This  species  Is  a  non-liquefying,  non-chromogenic,  motile,  facultative 
anaerobic  bacillus,  which  grows  very  well  at  the  room  temperature,  but 
not  so  well  at  the  body  temperature. 

On  gelatin  stab  cultures  a  few  scattered  colonies  appear  along  the  Hne 
of  Inoculation,  and  a  button-like  growth  on  the  surface.  The  gelatin  is  not 
Hquefled  in  two  weelvs. 

On  agar  streak,  a  whitish  growth  follows  the  line  of  inoculation. 

On  potato  the  growtli  is  a  yellowish,  lead-colored  one,  following  the 
line  of  inoculation. 

Glucose  solutions  are  not  fermented. 

Nitrate  solutions  are  completely  reduced  to  nitrites  In  three  days. 

Milk  is  coagulated,  but  remains  neutral. 

Other  species  are  now^  being  worked  upon,  which  have  been  separated 
from  many  other  leguminous  plants,  including  crimson  clover,  locust, 
small  white  clover,  whippoorwill  cow  pea,  black  cow  pea,  and  alfalfa. 


A    Few    Mycolocjical    Notes    for    July    and    August,  1900, 
Wells  and  Whitley  Counties. 

By  E.  B.  Williamson. 

An  interest  in  the  doings  which  go  on  in  fields  and  w^oods  is  natural 
to  everyone,  bearing,  as  all  of  us  do,  in  oin-  own  brains,  cells  which  still 
retain  the  iniprt»ss  givtMi  tliem  as  they  developed  and  multiplied  to 
gradually  make  man,  ])y  the  cunning  of  his  intellect,  master  of  his  en- 
vironment. Interest  is  attracted  most  easily  to  those  everyday,  more  con- 
spicuous and  beautiful  objects,  and  those  which  have  never  been  dan- 
gerous to  man  during  the  period  of  his  later  evolution.  So  at  the  pres- 
ent time  we  have  popular  illustrated  works  on   birds,   butterflies  and 
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flowering  plants,  and  when  the  Garden  shall  have  faded  Into  a  more  cor- 
rect perspective,  we  may  expect  some  such  popular  treatises  on  the  humble 
though  usually  beautiful,  creatures  which  go  with  heads  In  the  dust.  But 
I  leave  it  to  the  student  of  psychogony  to  discover  why  the  fastidious 
human  so  often  turns  with  loathing  from  a  mushroom.  It  would  seem 
that  these  plants,  by  their  graceful  adaptive  forms  and  varied  colors,  could 
easily  conquer  the  feelings  which  seem  to  frequently  exist  only  because  of 
the  falsely  suggestive  name  of  "toadstools"  commonly  given  to  all  species 
of  the  Agaricaceae.  However,  an  Interest  in  these  larger  fungi  is  felt  by 
many,  and  one  purpose  of  this  brief  note  is  to  call  attention  to  two  recently 
published  works  which  make  possible  at  least  a  general  knowledge  of 
the  forms  to  be  found  in  the  United  States. 

The  first  of  these  books  Is  "Moulds,  Mildews  and  Mushrooms."  by  Dr. 
Underwood,  published  by  Henry  Holt  &  Company.  Keys  enable  the 
student  to  trace  specimens  to  their  genera,  and  notes  on  distribution,  hab- 
itat, etc.,  conspicuous  species,  and  a  full  bibliography  are  given.  The 
second  book  is  "A  Thousand  Fungi,"  by  Charles  Mcll value,  published  by 
the  Bowen-MerrlU  Company.  Many  fine  plates  from  photographs  and 
water  color  studies  illustrate  a  large  number  of  species,  especially  the 
commoner  and  more  conspicuous  forms.  This  work  is  decidedly  less  sci- 
entific that  the  first,  and  the  many  notes  are  usually  intended  especially 
for  the  mycophaglst. 

To  the  best  of  my  knowledge  tliose  who  gather  fungi  for  food  pur- 
poses in  AVells  County,  and  doubtless  also  In  other  portions  of  the  State, 
confine  themselves  exclusively  to  the  morel.  This  species  is  not  rare  in 
the  spring.  It  belongs  to  another  group  than  the  one  to  which  other 
mushrooms,  as  they  are  known,  belong.  Near  Bluffton  a  species  of 
Geo(jlo88um,  a  genus  belonging  to  the  same  order  as  Morchella,  was  not  rare 
in  low  woods  in  August.  It  was  not  found  in  sufficient  quantities  to  cook, 
but  eaten  raw  had  a  nutty  flavor,  woody  texture. 

In  low  woods  on  and  about  rotting  logs  in  Wells  and  Whitley  count ios 
during  August  Clnvarias  were  common.  C  criataia  seemed  to  be  the  com- 
mon species.  Underwood  says  none  of  them  are  deleterious,  and  Mcll- 
vane  recommends  some  of  them  especially  for  soups.  In  past  years 
species  of  Hydnum  have  been  observed  commonly  in  the  two  counties  men- 
tioned above,  but  this  year,  possibly  because  of  the  little  time  spent  in  the 
woods  compared  with  some  former  years,  none  were  seen. 
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On  August  17  an  oak  stump  growlog  in  a  thick  woods  near  Bluffton 
was  found  literally  covered  with  Polyporus  sulfureus.  No  other  mass  of 
color  could  have  clothed  the  stump  to  render  it  more  conspicuous  in  the 
dark  woods.  The  fungus  was  young  and  tender,  and  a  number  of  persons 
ate  of  it  sliced  and  steweil.  The  flavor  possibly  suggested  veal.  I  have 
seen  this  species  growing  more  in  the  open  on  logs  where  it  was  almost 
complexly  pulverized  by  insect  larvae. 

Of  the  Tiolotacoae  three  genera  were  observed  in  Wells  Count}'— 
FistuUna,  Boletus  and  Bolctitnis.  None  of  these  were  tested  for  their  edible 
qualities.  FistuUna  hcpaUca  was  found  only  once,  on  August  25.  Boletinua 
porosus  grew  in  shaded  woods  among  old  leaves.  The  short  stipe  and  mot- 
tle yellow-ochre  and  burnt  umber  pileus  of  this  species  render  even  large 
specimens  six  or  seven  inches  in  diameter  inconspicuous.  One  sp€H»ies  of 
Boletus  was  common  in  both  Whitley  and  Wells  counties,  but  was  not 
specifically  identified.  Height,  two  inches;  diameter  of  pileus,  one  and 
one-half  inches:  pileus  above,  chocolate  brown,  reddish  or  reddish  yellow; 
flesh,  white  or  very  pale  yellow,  when  broken  becoming  bluish,  then  very 
dark  yellow;  tubes  yellow;  stipe  solid,  reddish  yellow,  not  annulated. 

Pleuroius  ostrcatus  to  the  mycophagist  is  one  of  the  most  valuable 
fungi  in  northern  Indiana.  A])out  Bluffton  it  was  found  especially  on  the 
northern  exposures  of  elm  logs  which  still  lield  their  bark,  though  it  has 
a  wide  range  of  liabitat.  To  some  its  flavor  is  as  good  as  any  mushroom, 
and  the  quantities  that  can  often  be  gathered  after  a  rain  from  one  log 
recommend  it.  It  often  l)ecomes  soggy  during  a  rainy  spell,  but  if  It  is  not 
too  much  infested  witli  larvae  this  does  not  interfere  with  its  edibility. 
Fried  in  butter  this  s])ecies  is  as  good  as  cooked  any  other  way.  It  is  at- 
tacked by  more  enemies  than  any  other  woods  species  of  fungus  I  have 
noticed.  At  least  two  or  tliree  species  of  mollusca.  two  diptera,  possibly 
a  dozen  colcoi)tera  and  two  hynienoi)etera  infest  it.  A  friend  reports  grass- 
hoppers feeding  on  it.  Tentipc^les  are  often  found  among  the  gills,  being 
there  doubtless  in  search  of  insect  prey. 

Amanita  phalloiilcs  Avas  found  once  in  a  cleared  spot  in  a  thin  woods 
near  Shriner  I.ake,  Whitley  County.  This  was  the  only  one  of  the  few 
deadly  mushrooms  seeti  dui'ing  the  season.  A  species  which  is  perhaps 
dangerous  is  L<  inot<i  monjani.  It  reaches  the  maximum  of  size  for  an 
Agaricaceae.  One  specimen  collected  at  Bluffton  was  ten  inches  high,  and 
the  pileus  was  eleven  inches  in  diameter.  Another  specimen  broken  off  at 
the  ground  weighed  eleven  ounces.    I  saw  the  species  growing  at  only  two 
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stations  and  at  one  of  these  It  formed  an  incomplete  giant  fairy  ring  as 
lias  been  described.  At  Bhiffton  eight  persons  ate  freely  of  this  species, 
and  none  suffered  any  inconvenience.  It  is  generally  accepted  that  genu- 
ine cases  of  mushroom  poisoning  have  never  resulted  from  eating  decom- 
posing nonpoisonous  species.  But  is  it  possible  that  the  ripening  of  the 
spores  might  develop  some  minor  poison?  The  specimens  of  L.  morgani 
eaten  at  Bluff  ton  were  in  every  case  young  and  the  gills  were  not  colored  by 
the  spores.  Several  small  species  of  Lepiota  were  common  in  the  woods 
during  August,  but  none  of  these  were  specifically  determined.  One  of 
them  had  the  pileus  usually  under  an  inch  in  diameter,  white,  the  umbone 
dark  wood  brown.  As  it  aged  the  margin  of  the  disc  became  a  delicate 
and  beautiful  blue. 

Another  dangerous  species  is  Clitocyhe  illudens.  This  was  found  twice 
near  Shrlner  Lake,  growing  on  stumps,  once  in  an  open  field,  the  second 
time  in  the  woods.  None  were  cooked.  Dr.  Underwood  says  it  is  unwhole- 
some; Mr.  Mcllvaine  says  it  is  poisonous  to  some,  and  its  odor  is  certainly 
not  attractive.  It  possesses  fully  the  phosphorescent  property  attributed 
to  it  by  authors.  Clitocyhe  monadelpha  was  found  twice  near  Bluffton, 
each  cluster  growing  on  the  ground  in  low,  thick  woods.  Another  species 
was  very  common  about  logs  in  woods.  It  was  gray  or  light  brown  in 
color,  thin,  woody,  and  wine-glass  shaped.  The  odor  if  long  continued 
was  sickening.  On  two  occasions,  when  I  had  a  quantity  of  it  in  the  room 
where  I  was  working,  it  all  but  nauseated  me.  though  I  am  not  easily  of- 
fended through  my  olfactory  organ. 

CoUyhia  radicata  was  common  In  Wells  ( 'ounty,  and  it  and  two  larger 
species  of  the  same  genus,  all  growing  in  woodland,  were  frequently 
eaten.  They  have  nothing  in  particular  to  recommend  them.  Rusaula 
emetica  was  taken  in  Wells  County  and  Russula  roseipes  in  Wliitley  County. 
The  latter  species  was  eaten  raw.  It  had  a  nutty  flavor  m\u)h  like 
Marasmius.  A  species  of  Cantharellus  was  found  at  Bluffton.  August  25, 
but  was  not  identified. 

After  rains  Marasmiva  oreades  appears  abundantly  on  the  lawn  about 
my  home  near  Bluffton.  The  fairy  rings  were  seldom  well  marked.  We 
could  not  say  that  the  flavor  of  this  species  was  superior  to  that  of  some 
larger  mushrooms  which  are  usually  more  easily  collected.  However,  the 
large  number  of  Murasmins  which  may  sometimes  occur  within  a  small 
area  make  it  possible  to  gather  a  quantity  of  caps  without  much  labor. 
Panus  8trigo8its  was  found  near  Bluffton,  August  19.    A  single  individual 
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grew  from  ji  decayed  spot  in  a  livinjr  tree.  It  was  a  beautiful  specimen 
and  sujr^ested  Vlcuroius  ostmitus.  Pluieus  vcrrinus  was  common  both  in 
Wells  and  Wliitley  counties,  jrrowinf?  on  very  old  loj?s,  and  once  in  a  mass 
of  rotting  sawdust,  in  the  Avoods.  The  ])ileus  varies  .lrr^atly  in  coloration. 
The  species  was  often  eaten,  l)ut  unless  fried  crisp  it  has  a  rather  un- 
pleasant flavor.  A  speiMes  of  (iaJera,  apparently  llara,  was  not  rare  in  the 
woods  about  Kluffton,  growing  in  clusters  on  decaying  logs.  It  was 
cooked  and  the  cai)s  retained  must  of  their  bright  yellow  or  orange  color. 
It  might  be  used  as  "t rimming"  for  a  dish  of  larger  species. 

Afjarirus  camiKfitris  was  taken  in  pastures.  l)ut  I  did  not  find  it  in  quan- 
tities as  it  is  often  found.  A  single  specimen  taken  in  the  woods  near 
Bluflfton  seemed  to  be  A.  sil  rat  lens.  In  the  same  pastures  and  in  thin 
woodland,  often  on  manure.  Pf<ath!fn'lhi  was  common.  All  the  specimens 
seen  seeme<l  to  belong  to  one  species,  undetermined 

Belonging  to  another  order  are  the  pufTballs.  the  larger  species  of 
which  are  among  tlie  most  valuable  and  delicate  fungi.  Representatives 
of  three  genera  were  ol>served  this  season  about  Bluffton.  Grastcr  was 
found  a  number  of  times  in  thin  woodland.  Cnlratia  was  found  a  few 
times.  The  best  way  to  cook  it  is  like  efxix  plant.  In  former  years  Cahatia 
has  often  been  observed  in  great  abundance,  occurring  at  the  edges  of 
woods  or  in  thin  woodland.  Specimens  not  less  than  eighteen  Inches  in 
diameter  have  been  seen,  and  individuals  eight  or  ten  inches  in  diameter 
were  not  rare.  A  species  of  L!/coj)crdon,  which  suggested  a  sea-urchin  with 
the  spines  removed,  was  common  in  pastures.  Its  diameter  seldom  ex- 
ceeded two  inches;  it  seemed  to  ripen  rapidly,  and  it  was  usually  infested 
with  larvae,  so  none  were  cooked. 


TiiK  Kankakee  Salamander. 

By  T.  H.  Ball. 


The  Eel  (Ji  estton  and  the  Development  of  the  Coxcjer  Eel. 

(Abstract.) 

By  C.  H.  Ekienmann. 

The  eel  question,  or  "when,  how  and  where  does  the  eel  reproduce," 
which  is  as  old  as  history,  was  in  part  solved  by  Grassi,  who  in  1897  found 
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that  one  of  the  numerous  species  of  Leptocephali  found  near  Messina  is 
the  larva  of  the  eel.  The  eel  is  said  to  seels  the  deeper  water,  where  It  de- 
posits its  eggs  and  then  dies.  During  the  past  summer  the  eggs  of  the 
Conger  eel  were  tak^n  by  the  U.  S.  Fish  Commission  vessel  Grampus  on 
the  surface  of  the  Gulf  Stream.  This  is  the  first  notice  of  an  eel  egg  out- 
side of  the  Mediterranean,  A  full  account  of  these  etrgs  will  appear  in 
the  Bulletin  of  the  U.  S.  Fish  Commission. 


The  MorxTiNii  of  the  Remains  of  Me(jalonyx  Jeffersoni  from 
Henderson,  Kentucky. 

By   C.  II.   ElOENMANN. 

During  tlie  lire  of  the  Museum  of  the  Indiana  University  in  1882  the 
bones  of  the  Megalonyx  belonging  to  the  University  were  away  to  be  fig- 
ured. In  this  way  this  specimen  was  saved  from  the  destruction  that 
overtook  most  of  the  other  specimens  in  the  collections.  The  trustees  liavo 
recently  decided  to  have  the  specimen  mounted.  The  bones  have  been 
mounted  in  their  relative  positions  without  reconstruction  of  the  lost  parts. 
It  came  originally  from  Henderson,  Kentucky. 


Contribution  Toward  the  Life  History  of  the  SiiUETEAdUi:, 

(Abstract.) 
By   C.  II.  ElOENMANN. 

The  Squeteague  is  one  of  the  important  food  fishes  of  Narragansett 
and  Buzzard's  15ay.  During  tiie  past  summer  I  studied  the  habits  of  the 
3'oung  of  this  fish.  The  details  will  l»e  published  in  the  lUiIletiu  of  tliR 
U.  8.  Fish  Commission. 

A  Xew  Oceanic  Fish. 

[Abstract.] 
By  C.    H.   ElOENMANN. 

A  new  species  ot  Centrolophine  fishes  was  taken  during  last  summer 
under  a  medusa  in  the  Gulf  Stream  off  Newport.  R.  I.  It  will  be  described 
in  detail  in  the  Bulletin  of  the  U.  S.  Fish  Commission. 
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A  New  JSpecies  of  Cave  Salamander  from  the  Caves  of  the 
OzARKs  IN  Missouri. 

[Abstract.] 

By  C.  H.  Eigenmann. 

While  colleotiii;;  iu  the  caves  of  Missouri  1  found  a  species  of  Spelerpes 
rather  abundant.  It  was  taken  in  Wilson's  Cave,  Rockhouse  Cave,  Fish- 
er's Cave  and  also  near  Marble  Cave.  It  proved  to  be  a  new  species 
which  is  the  fourth  salamander  known  to  Inhabit  the  eaves  of  North 
America.  It  is  a  twilight  species  rather  than  a  strictly  cave  species,  being 
found  within  a  short  distance  from  the  entrance  of  the  cave  in  all 
instances. 


An  Addition  to  the  Fishks  Octurrincj  in  Indiana. 
By  L.  J.  Rettgkr. 


Some  Observations  of  the   Daily  Habits  of  the  Toad  (Bufo 

LENTDilNOSUS).* 
By  J.  RoLLiN  Slonaker. 

Wishing  to  observe  the  daily  habits  of  the  toad  and  to  see  if  it  would 
hibernate  if  kept  in  a  warm  room  during  the  winter  months,  a  medium- 
sized  female  toad  (Bufo  lentiginosus)  was  secured  October  8th.  Not  hav- 
mg  a  suitable  place  ready  for  her,  she  was  placed  temporarily  in  a  run- 
ning water  aquarium.  Here  she  could  climb  upon  some  bricks  and  be 
out  of  the  water,  but  it  was  evidently  too  damp,  for  she  showed  signs  of 
uneasiness. 

On  the  10th  slio  was  noticed  to  shed  and  swallow  her  skin.  This  I 
And  is  not  an  uncommon  occurrence.  October  10th  she  weighed  50.6  g., 
and  was  transferred  to  a  dry  earth  aquarium.  Here  she  made  a  hollow 
in  the  soft  dirt  under  some  leaves  and  seemed  perfectly  at  home. 

^These  observations  were  made  at  Clark  Uniyereity  during  the  year  1897-S. 
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It  was  iuteresting  to  see  the  way  she  made  a  hollow,  or  buried  her- 
i^elf.  She  always  used  the  same  method,  pushing  the  dirt  to  each  side 
with  her  hind  legs  and  shoving  herself  backward  with  her  fore  legs. 

She  was  accurate  in  predicting  changes  in  temperature,  appearing  very 
hungry,  and  after  eating,  burying  herself  completely  before  a  decided  fall 
in  temperature.  Before  rising  temperature  she  seemed  less  concerned 
about  getting  her  food  and  w^ould  not  cover  lierself  completely,  usually 
leaving  her  head  out  as  though  waiting  for  insects. 

Plenty  of  grasshoppers  and  flies  were  kept  in  the  aquarium,  and  she 
ate  freely  each  day  till  November  1st.  when  a  cold  wave  arrived  and  the 
room  cooled  off  during  the  night.  This  time  she  buried  herself  com- 
pletely. Neither  did  she  again  appear  nor  show  signs  of  life  till  Novem- 
ber 29th,  when  she  slowly  emerged.  This  may  be  spoken  of  as  a  short 
period  of  hibernation. 

She  was  in  and  out  almost  every  day  after  this,  and  on  December  7th 
she  ate  three  flies  and  2.8  g.  beefsteak.  In  regard  to  their  eating,  toads 
show  the  same  peculiarity  that  frogs  do,  in  that  they  will  not  attempt 
to  take  anything  that  is  not  in  motion.  In  order  to  get  the  toad  to  eaf 
meat  I  threaded  a  small  piece  on  a  string  and  twirl  oil  it  before  her.  Her 
attention  would  first  be  attracted  by  the  moving  object,  and  after  gazing 
at  it  for  a  few  seconds  she  would  quickly  run  out  lier  tongue  and  take  it. 
The  whole  process  is  almost  instantaneous,  and  one  can  see  but  a  flash 
of  light  red  and  hear  the  shutting  of  her  mouth. 

After  eating  this  amount  she  refused  to  take  any  more,  anil  l)uried 
herself,  as  I  supposed,  for  another  hibernation.  But  the  next  day  she  was 
out  again  and  ate  a  fly.  On  the  day  following  she  ate  12  flies  and  .')  g.  of 
meat.  1  continued  feeding  her  every  few  days  and,  when  hungry,  she 
would  eat  frozen  or  stale  meat  and  thrust  her  tongue  at  any  near  moving 
object.  AVlth  the  exception  of  cold  "snaps,"  when  she  would  remain  cov- 
ered up  two  or  three  days  at  a  time,  she  showed  no  further  signs  of  hiber- 
nation throughout  the  winter. 

On  February  14th  she  weighed  88.0  g.  This  sliows  that  thougli  there 
was  a  tendency  to  hibernate  at  first,  it  did  not  manife.st  itself  again,  for 
an  animal  loses  weight  during  hibernation.  February  20tli  she  weighed 
97  g.,  showing  a  gain  of  8.5  g.  in  six  days.  Tliis  rapid  increase  in  weight 
was  probably  due  to  the  nutritive  diet  of  beef  and  to  the  rapid  secretion 
of  eggs. 
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March  2(1  she  remained  several  hours  in  the  water,  and  I  have  no  doubt 
that  she  wouhl  have  deposited  her  ejrgs  if  she  had  had  a  mate.  At  this 
time  her  weight  was  104.7  jr.  Her  appetite  always  appeared  good,  and 
though  I  liad  only  meat  to  give  lier  for  two  months,  she  usually  took  some 
whenever  it  was  oft'(»red  lier.  She  always  knew  when  she  had  enough 
meat,  in  fact  was  nt'vor  very  eager  to  take  it.  But  with  flies  she  was 
gluttonous,  became  excited  and  eager,  and  always  had  room  for  one 
more,  as  sliown  by  tlie  following  day's  record. 

I  confined  a  large  number  of  flies  in  tlie  aquarium  with  her.  When 
she  heard  and  saw  the  flies  buzzing  about  she  became  very  much  excited 
and  nervous,  and  imme<liately  began  hopping  about  and  catching  them. 
When  thus  excited,  tlie  l(»ng  toes  of  the  hind  feet  always  had  a  peculiar 
twitching,  wliile  tlie  remainiler  of  her  body  would  be  comparatively  mo- 
tionless. It  was  interesting  to  see  how  rarely  she  missed  her  aim  and  how 
rapidly  she  ate  them.  At  first  she  averaged  about  four  per  minute.  Be- 
ing curious  to  know  how  many  she  would  eat.  I  watched  and  counted. 
When  she  had  eaten  40  her  rate  began  to  slacken,  though  she  was  still 
anxious  and  would  approach  nearer  when  a  fly  was  beyond  her  reach. 
At  50  she  showed  less  energy  in  the  chase.  When  GO  had  disappeared  she 
simply  waited  till  they  came  within  reach  of  her  tongue,  while  about 
every  third  or  fourth  fly  swallowed  she  would  squirm  and  twist  as  though 
making  room  for  one  more.  When  she  had  eaten  7(3  I  was  called  away. 
AVhen  1  returned  about  an  hour  later  the  remaining  15  or  20  flies  had  dis- 
appeared. Some  of  these,  however,  may  have  been  eaten  by  two  or  three 
small  fr(>gs  that  were  conflned  in  the  same  a(iuarium.  One  would  think 
she  would  not  want  anything  more  soon,  but  the  next  day  she  was  ready 
for  more,  and  averaged  about  40  flies  each  day. 

Tlie  greatest  weight  she  reached  was  111.5  g.  on  a  diet  of  meat  and 
flies.  It  was  also  interesting  to  note  that  if.  when  she  had  eaten  all  the 
meat  tliat  she  wanted  and  had  begun  to  back  into  the  ground,  a  fly  with 
clipped  wing  was  put  before  her  slie  would  quickly  take  it,  or,  if  it  should 
run  out  of  lier  reach,  would  eagerly  give  chase. 

One  <lay  1  i)laced  a  medium-sized  garter  snake  in  tlie  aciuarium  to  see 
the  effect.  The  toad  was  out  and  happened  to  be  close  to  the  side  of  the 
a(iuarinin.  As  the  snake  crawled  slowly  toward  her  seeking  a  means  of 
escai)e.  Ihm-  sides  began  to  swell  out  while  she  slowly  turned  her  broad 
back  toward  the  snake.    This  made  her  resemble  a  clod  of  dirt  more  than 

12— A.  OF  SCIKMCK. 
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a  toad.  Evidently  she  knew  that  flight  was  useless  and,  as  a  place  of  con- 
cealment was  not  at  hand  at  tliat  late  moment,  her  safety  lay  in  protec- 
tive coloration  and  in  resembling?  a  toad  as  little  as  possible. 

April  20th  I  placed  a  male  of  the  same  species  in  the  aquarium,  thinlc- 
ing  she  would  lay  her  eggs,  but  she  would  have  absolutely  nothing  to  do 
with  him.  As  there  seemed  to  be  no  lil^elihood  of  further  development  I 
changed  them  to  a  small  park  which  I  had  prepared  in  a  sunny  part  of 
the  yard.  It  was  mainly  composed  of  sod,  but  in  one  corner  was  an  area 
of  soft  earth,  while  in  the  center  was  a  large  pan  of  water.  Here  they 
mated  at  once  and  spent  the  greater  part  of  two  days  hopping  about,  rest- 
ing part  of  the  time  in  the  water.  May  12th  they  buried  themselves  com- 
pletely in  the  soft  dirt  to  await  the  passing  of  a  cold  wave.  When  the 
cold  wave  had  passed  they  emerged  and  the  mating  ceased  without  tlie 
deposition  of  eggs. 

Among  the  things  the  toad  was  observed  to  eat  during  her  captivity 
were  ants,  flies,  grasshoppers,  bees,  wasps  and  many  other  insects  which 
found  their  way  within  her  reach.  The  eating  of  bees  and  wasps  was  fol- 
lowed by  no  ill  effects  except  a  momentary  twisting  or  wincing.  By  far 
the  greater  part  of  her  food  consisted  of  flies  and  ants.  These  are  house- 
hold pests,  and  since  the  toad  will  average  40  or  more  each  day  it  is  need- 
less to  say  that  it  is  a  very  useful  animal  and  one  that  should  be  protected. 


The  Methods  and  Extent  of  the  Illinois  Iohthyological 

Survey. 

By  Thomas  Large. 

At  the  present  time  the  Natural  History  Survey  of  the  Illinois  State 
Laboratory'  of  Natural  History  is  working  on  an  extensive  report  on  the 
Fishes  of  Illinois.  This  is  a  continuation  of  the  work  iK'jrnn  in  1S7S  and 
carried  on  with  many  interruptions  since  that  time  by  Prof.  S.  A.  Korl^es 
and  his  collaborators.  It  is  the  purpose  to  liavo  every  fish  known  to  <x*cur 
within  the  State  accurately  described,  with  complete  statement  of  all  that 
is  known  concerning  food,  habits  and  breeding,  and  to  have  the  geograplii- 
oal  distribution  indirateii  on  maps.  In  addition  to  this  it  is  the  purpose  to 
illustrate  each  species  with  colored  plates  ropro<luced  from   water-color 
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drawings  of  living  fish.  The  number  of  species  occurring  is  in  the  neigh- 
borhood of  two  hundred. 

At  present  several  lines  of  work  are  in  progress:  At  the  Biological 
Station  on  the  Illinois  River,  located  in  the  past  two  summers  at  Mere- 
dosia.  aquaria  were  fitted  in  the  floating  laboratory'  and  a  gasoline  engine 
and  pump  on  the  shore  made  to  furnish  clear  water  in  which  colors  of 
living  fish  were  studied  for  color  descriptions  and  were  painted  by  the 
laboratory  artists.  The  field  work  for  the  geographical  distribution  has 
been  pushed  forward  by  means  of  wagon  and  launch  expeditions  and  by 
volunteer  collectors.  The  launch  has  not  been  used  suflSciently  for  ex- 
tended excursions  to  make  the  experience  of  value  to  others.  With  the 
wagon  two  men  were  in  the  field  for  six  weeks  in  the  fall  of  1899,  making 
collections  in  the  Big  Vermillion  and  Kaskaskia  rivers  and  their  tributa- 
ries. In  1000,  with  the  advantage  of  the  experience  of  the  previous  year, 
an  expedition  was  fitted  out  to  make  collections  in  eastern  Illinois,  with 
Golconda  on  the  Ohio  Kiver  as  the  objective  point,  and  returning  to 
Urbana,  the  starting  place,  through  the  western  and  central  portion  of  the 
State.  The  equipment  consisted  of  an  ordinary  covered  grocer's  delivery 
wagon  and  two  horses,  a  9x0  miner's  pyramid  tent,  woolen  blankets,  a 
blue-flame  oil  stove,  an  aluminum  cooking  outfit,  a  supply  of  groceries  and 
canned  meats,  five  large  milk  cans  for  shipping  collections  home,  "hand- 
cans"  for  killing  specimens  as  soon  as  taken,  a  ten-foot  minnow  seine 
hung  to  fish  three  foot,  a  thirty-foot  minnow  seine  hung  to  fish  five  feet, 
and  a  forty-.vard  minnow  seine  hung  to  fish  six  feet.  The  Baird  nets  are 
not  serviceable  in  the  muddy  streams  of  Illinois,  as  the  bag  collects  too 
much  mud.  Tlie  party,  consisting  of  two  men  who  had  had  experience  in 
sucli  work,  made  no  attempt  to  secure  accommodations  from  farmers  more 
than  horse  feed  and  water,  experience  of  the  previous  year  proving  it  to 
be  very  expensive  in  time  and  temper.  Occasionally  stops  were  made  at 
hotels.  The  entire  distance  covered  was  al)Out  six  hundred  miles,  in  six 
weeks'  time.  'The  cost  of  subsistence  in  field,  including  .some  repairs,  was 
about  ten  dollars  i^er  Aveek. 

In  preserving  fish  tlie  laboratory  uses  10  per  cent,  formalin  solution  for 
killing,  in  which  the  fish  is  put  as  soon  as  taken  from  the  water.  In  this 
the  fish  die  with  fins  expanded.  After  remaining  a  few  hours  in  this  solu- 
tion they  are  wrapped  in  clieese-cloth  and  transferred  to  a  weaker  solu- 
tion (about  1  per  cent,  to  n  i)or  cent.),  for  shipment.  After  being  brought 
into  the  laboratory  they  are  !.M>ttled  in  a  solution  consisting  of  70  parts 
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95  per  cent,  alcoliol,  four  parts  jrlyi-iM-ine,  one  part  of  formalin,  and  twenty 
parts  of  water.  In  this  solution  preservation  is  secured  without  the  brittle- 
ness  resulting  from  high  per  cent,  alcohol. 

The  method  of  this  Institution  in  caring  for  collections  may  pn)ve 
valuable  to  those  interested  in  museum  methods.  Each  catch  is  kept  sepa- 
rate and  given  an  accessions  number  referring  to  all  data  concerning  it 
which  is  entered  In  an  accessions  catalogue.  The  species  are  then  sepa- 
rated and  bottled,  with  tags  (similar  to  those  attached)  on  the  outside 
an.?  Inside  of  the  bottles. 


Ac.  No. 
Sp.No. 
.Tor.  A  Et.  No. 


Ac.  No. 
Np.  No. 
Jor»  A;  Et.  No. 


Those  on  the  inside  are  made  of  ledger  paper  and  written  with  lead- 
pencil:  those  for  the  outside  are  written  with  India  inlc.  The  tags  bear 
accessions  number,  a  number  referring  to  the  species  list  of  the  lal>ora- 
tory,  and  a  number  referring  to  the  species  number  in  Jordan  &  Ever- 
mann's  **Fi8hes  of  North  and  Middle  America.*'  All  bottles  containing  a 
particular  species  are  racked  together  in  series  according  to  accessions 
number  and  placed  in  shelves.  The  racks  used  are  wooden  trays  of  two 
sizes,  the  larger  4Vjx15  inches  and  meant  to  be  wide  enough  to  hold  a  two- 
quart  fruit  jar.  The  smaller  are  for  vials  and  small  bottles,  and  are  2x13 
inches.  This  arrangement  is  exceedingly  convenient  for  ready  reference 
to  any  particular  lish  desired. 

The  plan  of  securing  collections  from  volunteers  in  localities  from 
V  hich  materials  were  needed  for  study  of  geographical  distribution,  was 
put  in  operation  in  April,  10()0.  It  commends  itself  because  of  excellent 
results  secured  and  the  comparatively  light  cost.  Letters  Inviting  co- 
operation were  sent  to  high  school  teachers  and  others,  in  localities  that 
li.'if?  not  already  been  covered  by  field  work.  To  those  responding  were 
sent  two  pairs  of  hip  boots,  a  twenty-five  foot  minnow  seine,  a  five-gallon 
milk  can  and  a  quantity  of  formalin,  with  directions  for  catching,  labeling 
and  preserving.  In  retui*n  for  the  service  each  collector  rweives  a  nain<Ml 
set  of  the  fishes  from  his  locality.  As  a  result  of  the  voluntiH^r  work  of 
the  spring  and  summer  a  large  triangular  area  lying  between  the  Illinois 
and  Mississippi  rivers  as  far  north  as  a  line  from  Peoria  to  Rock  Island 
was  <iuite  thoro\ighly  worked.  l)esides  several  other  localities.  Some  col- 
lectors made  collections  representing  entire  counties. 
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Additions  to  the  Indiana  List  of  J)ragonflies  with  a  Few 

XOTES. 
By  E.  B.  Williamson. 

additions. 

1.  Caloptei-yx  aequabiiis  Say.  Whiting,  Lake  County,  June  9,  1900,  along  a 
ditch  which  drains  into  Calumet  Riyer,  one  male;  and  Wolf  Lake,  Lake  County, 
July  21,  1900,  two  males.     Clarence  C.  Bassett. 

2.  Lestes  eurinus  Say.     Elkhart,  June  8,  1900,  one  female.     R.  J.  Weith. 

3.  EnaUayma  ealverti  Morse.  Lake  Mazinkuckee,  May  27,  1900,  two  males, 
one  female.     Howard  North. 

4.  Naaiaeschna  {Aeschna)  pentacarUha  Rambur.  Banks  of  St.  Joe  River,  Elk- 
hart, June  10,  1900,  two  females.     R.  J.  Weith. 

5.  Aeschna  multicolor  Hagen.  City  limits,  Elkhart,  September  5  and  Octo- 
ber 12,  1899,  three  females,  one  identified  by  Dr.  Calvert.     R.  J.  Weith. 

6.  Sympetrum  aUnfrons  Charpentier.  Blu€flon,  Indiana,  September  9,  1900. 
E.  B.  Williamson. 

7.  Libellula  txuata  Say.  W^oods  near  Simontoo  Lake,  May  15  and  20,  1900. 
R.  J.  Weith. 

The  State  list  now  numbers  91  species  of  Odonates.  Four  of  the  above  ad- 
ditions are  due  to  Mr.  Weith,  who  has  also  added  several  species,  known  from 
other  points  in  the  State,  to  his  local  list.  Collections  are  being  made  at  Lake 
Maxinkuckee,  Winona  Lake,  Evansville,  and  perhaps  at  other  points,  so  further 
additions  to  the  list  may  be  expected,  and  our  knowledge  of  seasonal  and  geo- 
graphical range  within  the  State  is  certain  to  be  augmented.  Descriptions  of  two 
of  the  species  mentioned  above  are  unfortunately  not  found  in  ''The  Dragonflies 
of  Indiana."    They  are  given  in  the  notes  which  follow. 

NOTES  AND  CORRECTIONS. 

1.  Enallagma  ealverti  Morse  is  of  the  color  type  of  En.  douhledayi  Selys.  The 
male  may  be  recognized  by  having  the  superior  abdominal  appendages  muck 
■horter  than  the  inferiors,  in  profile  appearing  like  a  short  cylinder  with  a  rounded 
apex  which  is  usually  distinctly  notched  below  the  middle.  Mr.  Morse's  original 
description  of  the  male  of  this  species  follows:  "Abd.  23-25mm.,  hind  wing  17- 
19.6mm.  Prothorax  greenish  black,  the  following  pale  (bluish):  sides;  a  trans- 
Terse  line  on  anterior  lobe;  the  hind  margin  and  a  cuneiform  spot  on  each  side  of 
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posUrior  lobe.  Thorax  wiih  a  rather  narrow  mid-dorsal  stripe  (sometimes  divided 
by  a  mere  line  of  blue,  most  distinct  anteriorly),  and  a  very  narrow  humeral 
-stripe,  wider  in  front,  especially  at  the  suture,  and  a' spot  on  second  lateral  suture, 
black.  A.wide  ante-humeral  stripe,  equal  to  or  wider  than  the  mid-dorsal  black 
stripe,  blue.  Abdomen  blue,  the  following  black :  A  spot  on  base  of  1 ;  a  trans- 
verse lunule  (convex  side  forward,  doubly  concave  behind)  near  apex  and  a  nai- 
row  marginal  band  on  2;  an  apical  spot  connected  with  marginal  band  on  3  and 
4;  apical  third  of  5,  two-thirds  of  6,  five-sixths  of  7,  and  all  of  10. 

*' Superior  appendages  short,  one-fourth  to  one-third  as  long  as  10,  blunt, 
with  the  apex  directed  downward  and  slightly  notched  in  profile;  the  upper  limb 
thick  and  rolled  inward,  the  lower  limb  thin,  rolled  inward  and  upwanl,  ai>pear- 
ing  like  a  small,  rounded,  inwardly  projecting  shelf  on  the  lower  edge  of  the  ai)ex 
of  the  appendage.  In  profile  the  upper  apical  angle  is  very  obtusely  rounded,  the 
lower  slightly  notched.  Inferior  appendages  longer,  two-thirds  as  long  as  K', 
rather  slender,  tapering,  slightly  curved  upward,  directed  upward  and  backward, 
the  lower  margin  convex  throughout."  Nevada,  Wyoming  and  other  western 
States,  and  Massachusetts.  This  is  an  interesting  addition  to  the  list  of  EnalUii,- 
mas  known  to  occur  in  Indiana,  bringing  the  number  to  thirteen,  and  leaving  two 
regional  species,  doubtedayi  and  iispersumy  yet  to  be  discovered. 

2.  Iscknura  kellicoUi  Williamson  sometimes  has  the  blue  ante-humeral 
stripe  of  the  thorax  interrupted  as  it  is  normally  in  NeluUlennia  posita  and  rarely 
in  Inchnura  verticalin  and  Enallaginn  yerminalum.  Individuals  were  taken  which  had 
the  strijie  continuous  on  one  side  and  interrupted  on  the  uther.  The  species  was 
very  abundant  at  Shriner,  Round  aVid  Cedar  Lakes,  July  and  August,  11)00,  found 
only  about  the  white  water-lily  beds.     <.)range  females  were  numerous. 

3.  Dr.  Calvert  has  recently  called  attention  to  the  fact  that  Gomphui*  titcmu.< 
as  identified  by  Kellicott  and  as  described  in  **The  Dragonflies  of  Indiana,"  is 
in  reality  Gomphus  cratwus.  What  is  said  of  Gomphus  t'xternw<  on  pages  289  and 
290  of  *' The  Dragon tlies  of  Indiana,"  excepting  geographical  range,  belongs  to 
Gomphw  frris*«j*.  Gomphus  eratfHtus  is  known  from  Kentucky,  Ohio,  Iniliana  and 
Illinois.  GomphiLi  externum  has  been  taken  in  Illinois  and  westward  in  Nebraska, 
New  Mexico  and  Texas.  It  must  be  dropj)ed  from  the  Indiana  list,  tliouj^h  it 
may  be  found  in  the  State  in  the  future.  It  may  be  separated  from  fruUrnu,<  ami 
crowiw  by  the  following  points:  In  exif:rnHn  the  two  lateral  thoracic  stripes  arc 
complete,  not  shortened  or  interrupted.  ExicniuH  has  the  dorsum  of  !>  and  10  with 
a  yellow  band  as  usual  in  rniHsufi.  The  appendages  of  the  male  of  cxternuAy  as  fig- 
ured in  the  "Monographic  <le(?  Ciomphines,"  plate  XXI,  fig.  2,  as  seen  in  pro- 
file, somewhat  resemble  fig.  20,  plate  VI,   "Dragonflies  of  Indiana,"  excej)ting 
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that  they  are  more  acute  and  the  lower  edge  is  less  angular.  The  vulvar  lamina 
in  cjctemus,  as  in  fraiernuty  is  not  constricted  at  the  middl«  as  it  is  in  etxuaus.  In 
€xttmu»  ihe  lamina  is  bifid  for  almost  half  its  length ;  in  fratemus  it  is  bifid  for 
scarcely  more  than  a  fourth  of  its  length.  Fratemus  and  extemus  are  about  the 
same  in  size. 

On  page  285,  "  Dragonflies  of  Indiana,"  the  references  should  be  to  plate  VI, 
and  not  plate  VII,  as  there  printed.  Line  17  from  the  bottom,  sam«  page,  for 
Abdomen  about  40  in  length,     externus,  read  Abdomen  about  38  in  length,     FBA- 

TERNUS. 

4.  In  ''Occasional  Memoirs  of  the  Chicago  Entomological  Society,"  Vol.  I, 
No.  1,  March,  1900,  pp.  17  and  18,  Mr.  James  Tough  has  described  and  figured 
the  appendages  of  the  male  of  a  very  interesting  species  of  Gomphu*  under  the 
name  of  GamphuA  coj'nvtns.     The  author's  description  is  (juoted. 

"Length,  rf ,  5r)-57mm. ;  abdomen,  40-42mni. ;  hind  wing,  32-33mm. 

"  Yellowish  green,  with  black  and  brown  markings.  Face  and  occiput  yel- 
lowish green,  eyes  posteriorly  black  above,  yellowish  below,  occiput  distinctly 
convex,  notched  in  center  and  fringed  with  black  hairs,  vertex  and  antennae 
black.  Prothorax  black,  with  a  geminate  spot  in  center  and  a  patch  on  each  side, 
yellowish.  Thorax  yellowish  green,  except  a  narrow  band,  indistinct  or  absent 
anteriorly,  on  each  side  of  mid-dorsal  carina,  also  except  humeral  and  anti- 
humeral  bands,  and  margins  of  first  and  second  lateral  sutures,  all  of  which  are 
brown.  Legs  black,  front  femora  yellowish  green  below.  Wings  hyaline  with 
viens  black,  pterostigma  yellowish,  and  costa  yellowish  green.  Abdomen  of  uni- 
form thickness,  black,  a  dorsal  stripe  or  spot  on  segments  1-8,  small  and  basal  on 
8,  and  a  small  quadrangular  spot  on  10,  yellowish;  dorsum  of  9  entirely  black. 

"Superior  appendages  dull  yellowish ;  seen  from  above,  internal  branches 
produced  inward  and  backward  until  they  meet,  acute  and  spinose  at  tip ;  ex- 
ternal branches  short,  rather  broad,  and  tipped  with  a  blunt  spine.  Inferior  ap- 
pendage, seen  from  above,  slightly  longer  than  superiors,  spreading,  the  distance 
from  tip  to  tip  of  outer  extremities  being  more  than  twice  the  width  of  the  tenth 
abdominal  segment  at  base.  From  side  view  the  internal  branches  of  superiors 
are  seen  to  bear  a  conical  tooth  about  midway  between  base  and  apex  ;  the  inferior 
curving  upward  gradually  and  each  branch  bearing  a  curved  spine  at  tip. 

**  Described  from  two  male  specimens,  tifken  at  Glen  Ellyn,  Du  Page  County, 
Illinois,  one  .June  14,  181^7,  the  other  May  30,  1898.'' 

Mr.  Tough  writes  me  that  he  thinks  he  has  since  taken  the  female  of  this 
species.  The  occiput  is  high,  rounded,  and  in  front  is  a  triangular  pyramid,  its 
base  bounded  by  the  line  between  the  vertex  and  occiput,  and  by  lines  drawn 
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from  the  eztremitiei  of  thii  line  to  the  middle  point  of  the  posterior  edge  of  the 
occipat.     This  species  will  very  probably  be  found  to  inhabit  Indiana. 

6.  Qomphus  paUidus  Rambur.  St.  Joe  River,  June  8,  1900,  one  female. 
R.  J.  Weith. 

6.  OomphuM  spiealua  Hagen.  Elkhart,  May  20,  1900.  R.  J.  Weith.  In 
plate  VI,  **  Dragonflies  of  Indiana,"  figs.  18  and  19  will  not  serve  to  distingui>h 
the  males  of  Oomphus  spieatus  and  0,  de$eriptus.  Seen  from  above  the  superior 
appendages  of  spicattu  have  a  distinct  median  external  tooth ;  descriptus  has  the 
appendages  angulated  beyond  the  middle,  but  there  is  no  tooth. 

7.  Oomphus  sp.  Page  294,  ^'Dragonflies  of  Indiana,"  is  a  new  species  so(  n 
to  be  described  by  Mr.  Hine. 

8.  With  a  knowledge  of  the  nymph  of  Taehopteryx  thoretji  another  arrange- 
ment of  the  genera  of  the  Gomphinae  than  that  employed  in  the  '^  Dragontlies  of 
Indiana  "  becomes  desirable.  The  arrangement  of  genera  of  the  Gomphinae  as 
worked  out  by  Selys  in  his  "  Synopsis  des  Gomphines"  and  culminating  with  his 
final  '*  Note  sur  la  classification  "  in  the  fourth  addition  to  the  Synopsis,  may  be 
employed  here  for  the  genera  taken  in  Indiana.  The  genera  would  then  stand  in 
this  order:  Ophiogomphudf  iJromogomphus,  Gomphus,  ProgomphuSf  Hagtnivtf  Taehop- 
teryXf  CordtUegcLster. 

9.  The  genus  Nasiaesehna  has  recently  been  established  by  Selys  (Term(^ze- 
trajzi  fuzetek,  XXIII,  1900,  p.  93)  for  the  species  Aeichna  pentacantha  Rambur. 
In  the  key  to  genera  in  ''The  Dragonflies  of  Indiana"  pentacantha  will  run  out  to 
the  genus  Epiaeaehna,  The  genus  NoMaeschna  is  distinguished  from  Epiaesehna 
by  the  supplementary  sector  between  the  subnodal  and  median  sectors  being 
separated  from  the  subnodal  by  one  row  of  cells  (two  rows  in  Epiae8chna)j  by  hav- 
ing the  face  excavated,  by  the  absence  of  a  dorsal  spine  on  abdominal  segment  10 
in  the  male,  and  by  the  superior  appendages  of  the  male  being  shorter  and  U  ss 
dilated. 

10.  Auchna  multieolor  Hagen.  Calvert  (Odonataof  Baja  California,  p.  509) 
has  the  following  paragraph  relating  to  the  range  of  this  species.  ^^DislribuHon, 
Mexico  (Cordova,  Baja  California),  California,  Texas,  Dakota,  Colorado,  Yellow- 
stone, British  Columbia  (Victoria)."  In  Bull.  Geol.  Surv.  Terr.  1875,  p.  5in, 
Hagen  says  of  it,  *'A  decidedly  western  species."  To  find  it  in  Indiana  is  a  sur- 
prise. The  following  description  i^found  in  the  Syn.  Neur.  N.  A.,  1861,  p.  IIM. 
"  Fuscous,  spotted  with  blue,  head  blue  ( J^)  or  luteous  (?  ),  front  with  a  T  spot, 
each  side  terminated  with  yellow,  and  a  band  before  the  eyes,  black  ;  thorax  f\n- 
cous,  dorsum  each  side  with  a  stripe  (interrupted  or  absent  in  the  female),  sideK, 
each  side  with  two  oblique  ones  blue  {(^)  or  yellow  ( 9 ) ;   feet  black,   femora 
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rufons  aboT«,  the  apex  black,  anterior  femora  beneath,  luteous ;  abdomen 
moderate,  slender,  cylindrical,  narrow  behind  the  inflated  base ;  fuicous,  spotted 
with  blue  ((^)  or  yellow  (  5 ),  segments  3-10  with  two  large,  apical  spots,  seg- 
ments 3-8  with  two  triangular  spots  upon  the  middle,  and  a  basal,  divided  spot 
each  side,  segment  2  with  a  medial  interrupted  fascia,  and  a  broad  apical  one, 
blue  or  yellow ;  superior  appendages  of  the  male  black,  long,  foliaceous,  narrow, 
the  base  narrower,  inwardly  carinated,  straight,  curved  inwardly  before  the  apex, 
an  elevated  triangular  lamina  above,  and  a  longer  tooth  placed  more  inferiorlj ; 
the  apical  tip  acute,  curved  downwards ;  the  inferior  appendage,  pale  fuscous, 
one-half  shorter,  elongately  triangular;  appendages  of  the  female  moderate, 
fuscous,  foliaceous,  broader;  wings  hyaline,  those  of  the  female  towards  the  apex, 
subflavescent,  pterostigma  short,  fuscous,  or  luteous  (?);  membranule  fuscoas, 
the  base  while;  16-17  antecubitals;  8-9  postcubilals.  Length  65-67  mm.  Alar 
expanse  90-100  mm.  Pterostigma  3-3A  mm."  Calvert  (Odonata  of  Baja  Cali- 
fornia, p.  503)  describes  the  superior  appendage  as  having  the  apex  distinctly 
forked  when  viewed  in  profile.  ''  Front  wings  with  discoidal  triangle  4-6-celled, 
internal  triangle  2-celled,  rarely  free,  3-4  other  median  cross-veins,  1-2  supra- 
triangulars,  first  and  sixth  or  seventh  antecubitals  thicker.  Hind  wings  with 
discoidal  triangle  4-5-celled,  internal  triangle  2-celled,  2-3  other  median  cross- 
veins,  1-2  supratriangulars,  first  and  fifth  or  sixth  antecubitals  thicker.  Male: 
anal  triangle  3-celled  ;  10  with  a  small,  median,  basal,  dorsal  tooth  and  a  smaller 
one  on  each  side.  Abdomen  (^  47-51,  ?  49.  Hind  wing  J^  43-47,  ?  45-47." 
(Calvert,  (Jdonata  of  Baja  California,  p.  508). 

11.  Didymop^  tranMcrsa  Say.  Simonton  Lake,  May  15  and  20,  1900;  and 
St.  Joe  River,  Elkhart,  May  29,  1900.     R.  J.  Weith. 

12.  Epicordulia  princeps  Hagen.  St.  Joe  River,  Elkhart,  July  7,  1900.  R. 
J.  Weith. 

13.  Males  of  Sumpetrum  rubicunduluni  and  Sympetruvi  obtrusum  exhibit  but 
little  difference  in  coloration.  Buhicunduhnn  has  the  face  light  brown,  yellowish, 
darker  above ;  obtrusum  has  the  face  white.  The  general  body  color  of  females  of 
the  two  species  is  distinctive.  Obtrusum  and  rnbicundvhim  seem  specifically  dis- 
tinct for  the  following  reasons :  both  sexes  offer  differences  in  color  and  structure ; 
they  occur  together,  often  in  the  same  isolated  swamp;  and  there  seem  to  be  no 
intermediate  forms.  On  September  9,  1900,  obtrvimm,  rubicundulum  and  albifrons 
were  associated  together  in  a  small  swamp  surrounded  by  woodland  in  Wells 
County,  near  Bluffton.  At  a  glance  both  sexes  of  albifrons  may  be  recognized  by 
the  face,  white  below,  shading  above  into  a  clear  china  blue,  the  frontal  vesicle 
being  of  the  same  color. 
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14.  The  genus  Dipiaeifden  is  distinguiBhed  from  related  genera:  by  the 
triangle  of  the  fore  wings  long  and  narrow,  free  (usually)  and  followed  by  two 
rows  of  post- triangular  cells  (three  or  four  rows  in  related  genera) ;  and  by  the 
last  antenodal  not  continuous.  Dipfacodes  minuteuium  covld  not  be  traced  out  by 
the  key  to  genera,  **Dragonilies  of  Indiana,"  p.  250.  The  hind  lobe  of  the  pro- 
thorax  in  this  species  is  narrower  than  the  middle  lobe,  sides  straight,  but  with 
the  hind  margin  emarginate,  giving  it  a  bilobed  character.  The  supratriangular 
space  is  free  and  there  are  eight  antecubitals  in  the  front  wings.  In  the  arrange- 
ment of  the  genera  in  the  ^'Dragonflies  of  lndiAn& "  Diplacodiut  may  be  placed 
between  Pachydiplar  and  Nannothemis.  Old  males  of  DiplacodtA  minui'exUum,  like 
old  males  of  NannothemU  beJta^  are  entirely  pruinose. 


ESKERS    AND    ESKER   LaKES. 
By  Charles  K.  Dryer. 

(Publiflhed  in  full  in  Journal  of  Geology,  Vol.  IX,  p.  123.) 
(Abstract.) 

(1)  The  sand,  gravel  and  till  ridges  around  Hipli  Lake,  Noble  County, 
Indiana,  with  their  associated  lakes  and  kettleholes,  are  described  and 
their  structure  and  orijrin  discussed.  The  till  ridge  is  thought  to  be  a 
frontal  moraine,  the  others  to  be  the  result  of  subjrlaclal  drainage  and  the 
sliding  or  dumping  of  drift  ninlerial  into  crevasses.  These  forms  are  so 
connected  In  space  and  related  In  stnicture  as  to  render  genetic  classifica- 
tion difficult.    The  system  as  a  whole  constitutes  an  esker-kame-moralne. 

(2)  The  esker  system  of  Turkey  Creek,  Noble  County,  Indiana,  is  de- 
scribed. These  sand  ridires  traverse  the  valley  floor  and  nearly  inclose  tlie 
basin  of  Gordy's  Lake.  High  and  Gordy's  lakes  seem  to  constitute  a  dis- 
tinct species  for  which  the  name  eakrr  lakes  is  proposed. 

The  paper  is  accompanied  by  two  maps. 
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Spy  Run  and  Poinsett  Lake  Bottoms*. 
By  J.  a.  Price  and  Albert  Shaaf. 

Spy  RuD  and  l*oinsett  Lake  are  located  near  Fort  Wayne,  Indiana, 
and  to  understand  their  liistory  a  knowledge  of  the  region  about  Fort 
Wayne  is  necessary.  This  region  is  situated  in  that  portion  of  the  State 
which  was  formerly  covered  by  the  Erie  ice-lobe.  At  different  periods 
in  its  recession  tlie  end  of  the  Erie  ice-lobe  was  stationary,  for  a  long 
time  depositing  large  terminal  moraines.  Four  of  such  moraines  were 
thus  formed,  upon  one  of  which,  the  first  Erie  moriane.  Fort  Wayne  is 
located. 

The  territoiy  in  question  lies  on  the  first  Brie  moraine,  a  full 
description  of  which  may  be  found  in  the  Sixteenth,  Seventeenth  and 
Eighteenth  Annual  Reports  of  the  State  Geologist,  and  in  Charles  Dryer's 
"Studies  of  Indiana  Geography."  This  moraine,  a  massive,  well  defined 
ridge  with  a  hommocky  surface,  enters  the  State  at  the  southeast  corner 
of  Adams  County  and  follows  the  Wabash  River  to  the  northwest  comer 
of  W'ells  Coimty,  running  parallel  to  the  present  shore  line  of  Lake  Erie; 
it  then  turns  to  the  north  and  northeast  and  enters  the  southwest  corner 
of  Allen  County.  Increasing  in  width,  it  continues  in  a  northeasterly 
direction  and  leaves  the  State  at  the  northeast  comer  of  Dekalb  County. 

As  the  ice  continued  to  recede  a  large  lake  was  formed  northeast  of 
the  present  site  of  Fort  Wayne.  The  surplus  waters  of  this  glacial  lake 
were  drained  into  the  lioad  waters  of  the  Wabash  through  the  Erie-Wa- 
bash channel.  Glacial  ivraumee  Lake,  as  it  was  called,  probably  existed 
for  many  years,  but  as  its  eastern  bank  was  a  massive  wall  of  ice  It 
was  doomed  to  destruction.  As  the  ice  melted  the  lake  was  slowly 
draine<l  until  it  was  entirely  destroyed,  and  as  the  waters  of  the  lake 
ebbed  away  its  outlet  dwindled  and  was  finally  silted  up.  St.  Joseph  and 
St.  Mary's  rivers,  wliich  liad  emptied  at  the  point  where  the  Erie- Wabash 
channel  left  tlie  lake,  now  turned  back  and  formed  the  Maumee.  a  slow, 
sluggish,  meandering  stream  which  wound  itself  across  the  old  lake 
bottom. 

The  territory  covered  by  the  accompanying  map  lies  about  one  and  a 
half  miles   northwest  of   Fort  Wayne,   and   north   of  the  Wabash-Erie 


*  Credit  is  due  Robert  Feustel  for  his  work  on  the  accompanying  map. 
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channel  and  west  of  the  St.  Joseph  River.  The  Lake  Shore  and  Michigan 
Southern  Railroad  passes  along  its  eastern  and  the  Grand  Uapids  and 
Indiana  road  along  its  western  etlge.  It  is  crossed  by  two  wagon  roads, 
the  Lima  and  the  Goshen.  Both  basins  are  oblong,  Spy  Run  Lalie  basin 
being  about  four-sevenths  of  a  mile  long  and  two-seventlis  of  a  mile 
broad,  Poinsett  Lake  basin  being  about  one  mile  long  and  one-half  of  a 
mile  broad. 

The  topography  in  general  is  smooth  and  level,  with  gentle  swells 
here  and  there,  characteristic  of  lake  bottoms.  The  region  is  drained 
by  Spy  Run  Creek  and  its  tributary,  the  Poinsett  Numerous  artificial 
channels  are  led  into  these  streams  which  make  the  drainage  more  perfect. 
Where  these  channels  do  not  occur,  swamps  are  found  as  indicated  on  the 
accompanying  map. 

The  origin  of  Poinsett  and  Spy  Run  lakes  dates  from  interglacial 
times.  These  two  lakes  belonged  to  a  large  class  of  lakes  which  once 
diversified  the  surface  of  parts  of  the  glaciated  portion  of  tlie  State,  but 
which  now  have  become  extinct;  irregular  basins  with  ricli  soil  and 
level  bottoms  remain  to  tell  the  story  of  their  former  existence.  A  num- 
ber of  these  lakes  were  formed  by  glacial  dams  and  may  be  divided 
into  two  classes:  those  proiluce<l  by  the  irregular  deposits  of  moranic 
material  and  those  caused  by  the  ice  itself  during  the  period  of  its  con- 
tinuance. It  is  quite  prol)able  that  both  of  these  caust»s  united  to  form 
the  two  lakes  under  consideration.  As  the  Erie  ice-lobe  withdrew  to  the 
northeast  Irregular  deposits  of  glacial  de])ris  were  left  in  its  wake,  form- 
ing knolls  and  basins:  these  ])asins  were  in  the  course  of  time  filled  by 
subsequent  rains.  The  streams  entering  these  basins  may  have  been 
dammed  by  the  ice  front,  when  it  occni)ied  the  position  in<licnted  by  the 
lines  o  6  on  the  accompanying  map.  The  basins  are  enclosed  at  most 
places  by  rather  steep  ])anks,  varying  in  height  from  ten  to  thirty  or 
more  feet.  Between  the  basins  and  north  of  the  stream  the  bank  is 
low  and  gentle,  running  back  for  some  two  or  three  hundred  yards. 
Indications  of  a  shore  line  may  be  seen  al)OUt  half-way  up  this  gentle 
slope,  indicating  a  union  of  the  two  lakes. 

The  length  of  time  during  which  these  lakes  existed  may  be  infen-ed 
from  the  depth  of  the  silt  which  accumulated  over  their  bottoms.  The 
accumulation  of  this  silt  has  made  favorable  the  growing  of  crops.  Man 
has  taken  advantage  of  these  conditions  and  where  it  is  not  too  swampy 
is   cultivating  the  soil.     This   is   only   one   instance  where  the   former 
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«»xistence  of  glacial  lakes  has  made  favorable  the  conditioDS  for  man's 
occupancy.  Maumee  Lake  basin,  mentioned  above,  has  a  very  rich  soil, 
and  yields  some  of  the  tinest  crops  jri'own  in  the  vicinity.  Beyond  the 
lx>undaries  of  oin*  own  State,  nn<l  south  of  the  line  markinj^  the  farthest 
extension  of  tlie  ice  durinjr  the  ice  ajre,  and  south  of  lines  marking  periods 
of  rest  in  its  recession  are  many  such  basins:  rivers  were  dammed,  new 
lakes  formed,  and  old  ones  enlarjred.  until  to-day  tlumsands  of  square 
miles  of  rich  farming  lands  are  found  in  the  United  States  which  would 
not  otherwise  have  been  here.  The  great  wheat  growing  region  and  line 
pasture  lands  of  North  Dakota  are  thus  exiilained.  "Such  was  the  herit- 
age which  the  great  glacier  of  the  ice  age  left  as  its  parting  gift,  thus 
assuring  tlie  permanent  prosperity  of  large?  and  widespread  regions  of 
North  America." 


ABANDONED  Meanders  of  Spy  Ki  n  Creek. 
By  J.  A.  Price  and  Albert  Shaaf. 

Spy  Kun  Creek  rises  in  the  nortli  central  part  of  Washington  Town- 
ship, Allen  County,  and  empties  into  the  St.  Mary's  River,  near  Fort 
Wayne.  It  is  a  small,  insigniticaHt  stream,  but  has.  however,  some  note- 
worthy featines,  fon^most  of  which  is  the  marked  shifting  of  Its  bed  in 
and  below  Spy  Kun  lake  basin. 

The  head  waters  of  this  creek  probably  existe<l  before  the  tinal  retreat 
of  the  Erie  ice  lobe  from  the  site  of  the  tirst  Erie  moraine.  The  creek 
was  dammed  by  the  ice  front,  thus  helping  to  form  Spy  Kun  Lake.  The 
waters  of  the  lake  followed  the  ice  in  its  gradual  retreat  and  in  this 
manner  the  lower  extension  of  the  creek  was  formed.  At  this  time  this 
part  of  tlie  stream  was  i^robably  much  larger  than  at  present.  Its 
increastnl  volume  was  due  to  the  supply  of  water  receivt^l  from  the  lakes. 
It  is  impossible  to  say  how  long  the  stream  was  occupied  in  draining 
these  lakes.  At  prc^sent,  however,  the  stream  has  a  well  develope<l  flood 
plain  varying  in  width  from  two  to  three  hundred  yards.  As  a  rule  there 
are  two  or  three  annual  overflows,  during  which  time  the  waters  cover  a 
part  or  nil  of  tlie  tiood  plain.  Tlie  depth  of  the  water  varices  from  six  to 
eighteen  or  more  inches.  The  strength  of  the  cuiTent  over  the  flooded 
area  may  be  inferred!  from  the  fact  that  several  years  ago  a  rail  fence 


(182) 


183 

cTossinjr  the  bottoms  was  carried  away.  As  the  w^aters  disappear  from 
the  flood  plain  very  little  sediment  is  left  behind,  owing  to  the  fact 
that  at  this  time  the  lower  parts  of  the  old  lake  bottoms  are  covered 
with  water  which  serves  as  a  lilter.  If  this  were  not  the  case  the  old 
meanders  that  are  now  found  on  the  flood  plain  would  doubtlessly  be 
filled  up. 

An  inspection  of  the  accompanying  map  will  reveal  the  complexity  of 
these  meanders.  In  Poinsett  La  lie  bottom  the  complexity  is  less  than 
in  and  below  ^^py  Run  Lake  bottom.  There  is  one  lonj;  abandoned  chan- 
nel ife)  crossing  the  bottoms  from  north  to  south  parallel  to  the  present 
channel  of  the  stream,  and  entering  Poinsett  Creek  below  Poinsett 
bridge.  The  north  lialf  of  this  channel  is  well  defined,  having  a  width  of 
three  to  six  feet  and  a  depth  of  one  to  three  feet.  Its  bottom  and  banks 
are  covered  witli  a  heavy  growth  of  underbrush.  Its  northern  end  grad- 
ually decreases  and  finally  disappears;  this  may  be  due  to  the  fact  that 
this  part  of  the  basin  has  been  longer  under  cultivation.  One  liundred 
and  fifty  yards  south  of  tlie  north  end  of  channel  fv,  and  tw^enty-five 
yards  east,  lies  a  portion  of  an  old  meander  marked  ah.  This  channel  Is 
probably  younger  than  that  part  of  fc  indicated  by  de.  The  stream  left 
the  old  channel  at  d  and  occupied  ahcf;,  a  part  of  which,  <v,  is  still  occii- 
pieil:  channel  C(j  has  i)robably  been  straightened  by  man.  North  of  c  the 
present  channel  is  artificial,  cutting  diagonally  through  the  east  end  of 
an  esker  at  p.  Tliis  portion  as  far  north  as  was  examined  seems  to  be 
very  young.  Tlie  channel  through  the  esker  is  narrow,  with  steep  sides 
about  ten  or  twelve  feet  high.  This  esker  is  eight  or  ten  feet  high  and 
about  one  hundred  and  twenty-five  yards  long;  it  was  connectetl  with 
the  uplands  at  p.  Channel  fc  connects  with  a  short,  crooked  channel, 
marked  nui,  in  the  soiitlionstcrn  ])nrt  of  the  basin.  This  cliannel  marks 
the  lowest  part  of  tlie  s<)utheast»Tn  portion  of  the  lake  bottom  and  was 
probably  tlie  last  part  covered  by  the  lake  waters.  This  la.st  fact  Is 
indicated  by  the  crookedness  and  blind  ending  of  the  channel.  Between 
points  €  and  fj  there  are  two  or  three  small  meanders  along  Poinsett 
Creek  not  niarl<ed  on  the  map.  Two  abandoned  meanders  are  found 
between  the  lakes:  one.  kl,  belongs  to  Poinsett  Creek,  and  the  others,  r.*r, 
to  Spy  Hun  Creek.  The  former  is  very  re<;ent.  the  stream  having  been 
turned  from  its  coin*se  by  the  artificial  channel  Av/.  Kelow  point  1,  at 
the  sharp  turn  in  the  creek,  the  bank  on  the  east  and  convex  side  Is 
steep    and    nearly    perpendicular;    on    the    opposite    side    a    flood    plain 
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is  developing.  In  the  southwest  part  of  Spy  Run  Lalie  bottom  occurs  a 
complex  system  of  old  cliannels  which  indicate  the  part  of  the  lake  last 
drained.  This  Is  further  shown  by  the  more  or  less  swampy  condition 
of  this  part.  Below  the  lake  bottom  the  system  of  meanders  is  so 
complex  that  it  is  impossible  to  trace  out,  with  any  degree  of  certainty, 
the  different  stages  which  occurred  in  the  shifting  of  the  stream  bod. 
Along  the  north  side  of  the  flood  plain  there  is  an  old  channel  which 
seems  to  be  the  oldest  in  the  system.  Near  the  south  side,  where 
the  stream  is  now  located,  the  channels  are  less  obscured,  indicat- 
ing that  the  creek  lias  shifted  Its  position  from  north  to  south  and 
suggesting  that  probably  the  complex  system  of  meanders  is  due  to 
this  migration.  A  number  of  cross  channels  connect  the  old  channel 
on  the  north  with  the  present  one.  In  developing  this  system  of  meanders 
the  stream  may  have  followed  channel  a6c,  leaving  it  at  c  and  entering 
Its  present  channel,  first  at  d  and  then  at  e  and  f.  It  then  probably  left 
the  old  channel  at  g  and  crossed  to  its  present  one  by  the  cross  channel 
gh,  and  at  h  by  channel  bo.  Above  this  point  the  complexity  increases, 
the  meanders  are  smaller,  with  a  greater  number  of  cross  channels. 
Four  very  young  meanders  lie  south  of  the  stream,  one  of  which,  r«,  is 
at  times  occupied  by  part  of  the  stream,  forming  a  small  island. 


The  Development  of  the  Wabash  Drainage  System  and  the 
Recession  of  the  Ice  Sheet  in  Indiana. 

By  W.  a.  McBeth. 

The  development  of  the  Wabash  drainage  system  has  now  been 
worked  out  to  such  an  extent  as  to  show  that  it  is  not  only  a  subject 
of  interest  in  itself,  but  also  has  an  important  bearing  on  the  question 
of  the  movement  and  recession  of  the  North  American  ice  sheet.  The 
whole  of  the  axial  stream,  except  a  few  miles  near  its  mouth  and  perhaps 
30,0(X)  of  the  33,000  square  miles  comprised  in  its  basin,  were  buried 
beneath  the  ice  one  or  more  times,  and  there  is  scarcely  a  tributary 
which  does  not  show  plainly  the  effects  of  the  influence  of  the  ice  sheet 
In  determining  its  course  and  its  drainage  area. 

Along  the  line  of  the  lower  Wabash,  the  earlier  ice  approached  within 
twelve  or  fifteen  miles  of  the  Ohio  River,  and  almost  to  the  limit  of  ice 
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movement  the  evidence  of  obstruction  and  readjustment  appears.  Near 
the  southern  limit  of  the  drift  the  Patoka  River  is  an  example  of  a  stream 
made  up  of  several  sections.  Three  northwestward  flowing  streams 
were  obstructed  In  their  lower  courses  by  the  ice,  and  compelled  to  seek 
westward  outlets  across  divides  along  the  ice  border.  The  lower  course 
of  White  River  was  also  obstructed  and  the  part  within  the  unglaciated 
area  ponded  up  in  its  deep  valley  through  the  Knobstone.  In  the  main 
stream  and  in  many  of  its  tributaries  temporary  lakes  were  formed  which 
overflowed  over  the  ice  or  along  the  ice  border. 

West  White  River  is  conspicuously  a  border  drainage  line  as  far  up 
as  northern  Monroe  County,  as  shown  in  its  course  through  Owen.  Greene 
and  Daviess  counties. 

The  position  of  the  Shelby vllle  moraine  indicates  that  Raccoon  Creek 
was  in  existence  through  half  its  length  before  the  Wabash  was  uncov- 
ered north  of  Vigo  County.  Further  recession  northward  brought  Sugar 
Creek  into  existence.  This  stream  is  very  distinctly  of  border  drainage 
type,  as  shown  by  the  prominent  moraine  along  its  north  bank  from  Its 
mouth  to  southwestern  Clinton  County.  After  further  recession  of  the 
ice  sheet  Coal  Creek  took  its  way  north  of  a  region  of  morainic  uplands, 
until  it  came  against  a  strong  north  and  south  moraine  which  deflected 
its  north  branch  in  a  great  bend,  remarkably  like  that  of  the  Wabash. 
The  part  of  this  stream  above  its  great  bend  is  comparatively  meander- 
ing and  its  valley,  which  is  very  shallow,  is  in  marlced  contrast  with  the 
deep,  broad  valley  below  the  bend.  South  Shawnee  Creek  runs  west 
parallel  with  North  Coal  Creek  and  bends  to  the  north  within  a  mile  of 
where  this  creek  bends  to  the  south.  A  broad,  marshy  valley  connects 
the  two  bends,  indicating  that  South  Shawnee  Crook  formerly  turned 
south.  These  creeks  have  their  sources  at  the  crest  of  the  kamo  moraine, 
which  runs  northwest  from  Darlington,  Montgomery  County,  toward 
Independence,  Warren  County,  and  are  guided  by  moraines  trending  east 
and  west.  To  the  east  of  the  Darlington-Indei)endence  divide,  the  streams 
flow  northeast  in  a  direction  opposite  to  that  of  the  Wabash.  Tliey  are 
turned  northwest  into  that  stream  by  a  moraine  running  southeast  from 
a  point  about  five  miles  south  of  I-afayette  to  the  southeast  corner  of 
Tippecanoe  County.  The  three  forks  of  Wild  Cat  Creek  coming  from  the 
east  turn  north  along  the  western  side  of  a  moraine,  which  lies  along 
the  western  edge  of  a  till  plain  rapidly  rising  to  the  east.  This  moraine, 
in  my  o])inion,  is  the  strong  outer  moraine  of  the  Erie  lobe  and  marks 
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tbe  westward  limit  of  Erie  ice  as  a  'separate  lobe.  The  Wild  Cat  creeks, 
above  their  northward  l)end,  are  bordered  along  their  northern  bluffs 
by  weak,  but  distinct,  moraines. 

ReturniuK  to  the  Wabash,  at  the  great  bend  we  find  it  following  tbe 
south  side  of  a  strong  moraine  from  the  mouth  of  Tippecanoe  River  to 
the  point  of  its  southward  deflection.  The  drainage  on  the  south  side 
of  the  stream  through  this  section  was  all  to  the  south  and  west  previous 
to  the  recession  of  the  ice  to  the  north  side  of  thd  river.  Above  the 
mouth  of  the  Tippecanoe  the  Wabash  becomes  probably  a  distinctly 
terminal  drainage  stream  of  the  Erie  lobe,  and  its  tributaries  have  come 
into  existence  in  pairs  on  opposite  sides  of  the  main  stream  as  the  Ice 
withdrew  toward  its  source.  The  head  waters  of  the  southern  tributaries 
have  in  several  instances  been  pirated  by  the  stream  to  the  south  and 
west  of  them,  as  in  the  case  of  the  deflection  by  the  Mississinewa  of  a 
tributary  of  West  White  River  north  of  Muncie,  and  the  capture  of  the 
Salamonie  by  the  Wabash  above  Ceylon.  The  development  of  these  upper 
tributaries  and  the  former  connection  of  the  St.  Mary's  and  St.  Joseph 
rivers  and  the  glacial  Maumee  Lake  with  the  Wabash  by  way  of  the 
broad  valley  of  Little  River  extending  from  Ft.  Wayne  to  Huntington 
have  become  familiar  facts  through  the  investigations  made  by  Dr.  C.  R. 
Dryer  and  published  in  the  Sixteenth,  Seventeenth  and  Eighteenth  Re- 
ports of  the  State  (loologist  of  Indiana,  The  Tippecanoe  River,  after  the 
manner  of  the  upper  tributaries  of  the  Wabash,  may  be  paired  with  the 
Wild  Cat  Creek.  Jiolow  tlie  great  bend  of  the  Tii)pecanoe.  in  Starke 
County,  it  drains  the  western  edge  of  the  Erie  drift;  above  that  bend 
it  receives  its  water  supply  from  the  Saginaw  drift.  From  its  mouth  to 
New  Bufl'alo,  ten  miles  nortli  of  Monticello,  it  has  a  deep  valley  (100 
feet  at  Monticello)  and  varying  from  one-half  of  n  mile  to  a  mile  In 
width.  Above  this  deep  portion,  the  character  of  its  valley  clianges  rather 
abruptly  to  a  very  narrow  and  superflcial  channel,  not  much  too  large 
to  carry  its  Hood  waters.  This  shallow  valley  is  remarkably  meandering, 
much  of  tlie  general  course  being  originally  guided  by  sand  ridges. 
The  lower  portion  of  the  Tippecanoe  Avas  evidently  tlie  former  outlet  of 
a  lake  of  consideralile  extent,  which  covered  the  country  north  of  Monti- 
cello.  The  earliest  lake  area  may  liave  extended  sontliward  to  the  im- 
mediate vicinity  of  the  mouth  of  the  river,  where  the  strong  moraine 
running  along  the  n(>rth  bluffs  of  the  Wabash  changes  abruptly  near  the 
Tippecanoe  battleground  to  a  chain  of  low  gravel  mounds,  which  continue 
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across  Pretty  Prairie,  a  gravelly  terrace  plain,  a  distance  of  thret*  miles 
to  the  mouth  of  the  Tippecanoe  River.  The  crest  of  this  moraine  at  the 
Soldiers'  Home,  four  miles  north  of  Lafayette,  is  higher  than  the  surface 
of  the  plain  at  Monticello  or  Winamac,  and  the  gap  has  the  appear- 
ance of  having  been  once  the  passageway  for  a  large  stream  from  the 
north.  The  part  of  the  Tippecanoe  from  New  Buffalo  to  the  great  bend 
is  the  newest  part  of  the  stream.  It  established  its  meandering  course 
among  tlie  sand  ridges  along  tlie  eastern  side  of  the  lake  bed  and  con- 
nected the  part  above  the  bend,  wliicli  formerly  floweti  into  the  lake,  with 
the  part  which  was  the  lake  outlet,  giving  an  interesting  example  of 
a  spliced  stream. 

The  description  of  the  development  of  the  drainage  of  the  Wabash 
system  has  been  traced  to  the  above  extent  in  order  to  group  its  main 
facts  together  and  bring  them  to  bear  on  the  question  of  the  manner  of 
recession  of  the  ice  sheet  from  its  basin  and  some  of  those  basins  adjoin- 
ing it. 

Several  writers  on  problems  connected  with  the  drift  area  seem  to 
assume  that  the  ice  sheet  could  not  have  receded  in  any  other  way 
than  from  west  to  east.  The  Kankakee  Lake,  the  western  Indiana  bowlder 
belts  and  various  other  problems  are  perplexing  problems  on  this  assump- 
tion. While  in  a  general  way  the  view  is  doubtless  true  that  the  recession 
was  in  this  direction,  the  solution  of  several  interesting  points  connected 
with  Indiana  drainage  l»ecomes  simple  by  the  ncceptance  of  good  evi- 
dence tliat  in  western  Indiana  the  recession  was  from  east  to  west. 

The  Michigan,  Huron  and  Erie  depressions  were  doubtless  lines  of 
southward  and  southwestward  movement  which  became  fille<i  with  ice 
and  overflowed  before  tlie  country  between  was  invaded.  Gradnnlly  the 
ice  accumulated  and  covered  the  crests  of  the  divides,  becoming  a  con- 
fluent area  with  smooth,  regular  slopes  on  the  surface,  but  conforming 
generally  on  the  under  side  to  the  relief  of  the  rock  surface  below. 
Valleys  and  low  tracts  of  the  preglacial  surface  would  become  lines  of 
more  rapid  flow  and  the  ice  would  move  farther  forward  along  these 
lines  than  elsewhere.  The  arrangement  of  the  moraines  in  Illinois.  In- 
diana and  Ohio  shows  the  influence  of  this  lobate  movement  to  the 
limits  of  the  drift  of  any  period. 

The  curving  to  the  north  of  the  glacial  boundary  in  Indiana  is  easily 
explained  by  the  stranding  of  the  ice  along  the  north  and  south  belt 
of  resistant  rocks,  including  the  Knobstone  in  that  part  of  the  State,  while 
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the  lower  regions  to  the  east  permitted  the  advance  of  the  lee  to  the 
Ohio  Kiver,  and  on  tlie  west  the  ice  crept  Sinitli  almost  to  the  mouth 
of  the  Wubasli  in  Indiana  and  nearly  to  tlie  mouth  of  the  Ohio  in  Illinois. 
The  last  general  invasion  sent  ice  much  furtlior  soutli  in  Illinois  than  in 
western  Indiana. 

The  riH!Osslon  of  tlie  ice  was  in  general  tlie  inverse  of  its  advance. 
It  melted  away  on  tlie  divides,  beranie  differentiated  again  into  lobes, 
which  gradually  withdrew  up  the  depressions  along  their  lowest  lines. 
The  evidence  is  abundant  to  show  that  the  last  ice  she^^t  disappeared 
along  a  line  runnln;;  east  of  the  Wabash  Uiver  from  Terre  Haute  through 
C'rawfordsville  to  Lafayette  before  the  region  traversed  by  the  present 
river  below  Lafayette  was  uncovered.  Probably  this  Interiobate  melt- 
ing continued  northward  along  the  line  of  the  lower  Tippecanoe  and  upper 
Kankakee  into  Michigan. 

The  evidence  that  the  last  ice  in  western  Indiana  occupied  the  region 
south  and  east  of  the  great  bend  of  the  Wabash  after  it  had  recwled  from 
the  countr>^  farther  east  is  embraced  in  the  condition  and  arrangement 
of  numerous  moraines,  many  overflow  channels,  and  temporary  lake  beds 
with  their  traversing  stream  lines  of  different  ages. 

The  moraines  along  liaccocm  Creek.  Sugar  Creek,  the  soutliward 
flowing  part  of  Coal  Cn^ek  and  the  east  and  west  ridges  extending  across 
Fountain  County,  totrether  with  a  high,  sharp,  and  in  some  places  very 
narrow  nioraiiii*  running  east  from  the  town  of  West  Point.  Tippecanoe 
County,  to  a  point  fivi*  or  six  miles  southeast  of  Lafayette,  do  not  seem 
to  have  been  overridden  or  much  disturbcnl  since  they  were  laid  down. 
They  were  deposited  by  ice  from  west  and  north  of  the  present  river  line 
and  accordini;  to  their  shape  and  trend,  evidently  by  the  Lake  Michigan 
lobe.  The  heavy  moraine  north  of  the  Wabash  and  west  of  the  mouth  of 
the  Tippecanoe  has  not  been  overridden.  It  is  a  moraine  of  the  Michigan 
lobe  called,  by  Mr.  P^rank  liCverett.  the  "Bloomington  moraine,"  and 
extends  twenty-live  or  thirty  miles  farther  northeast  than  he  has 
mappe<l  it.*  Moraines  trending  northwest  and  southeast  in  southern 
Tippecanoe  County  seem  to  be  outposts  of  minor  advances  of  the  ice  from 
the  Erie  lob(»  around  the  southern  edge  of  the  Michigan  lobe.  These 
ridges  run  across  the  line  of  division  between  the  lobes  and  have  numer- 
ous gai)s  through  them. 


«See  map  pp.  bet. 24-25,  in  his  late  U.S.G. 8.  Monograph  XXXVIUon  the  Illinois  Lobe. 
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These  gaps  and  old  channels  are  numerous  and  conspicuous  in  north- 
ern Montgomery  and  southern  Tippecanoe  counties  particularly.  Lye, 
Potato  and  Black  creeks,  flowing  south  into  Sugar  Creek,  have  their 
present  sources  at  gaps  in  the  divide  to  the  north,  where  they  approach 
in  some  cases  within  a  few  feet  of  the  sources  of  streams  flowing  north- 
east and  north  into  the  Wabash. 

A  map  and  discussion  of  this  region  was  presented  to  this  body  at 
its  last  winter  meeting,  and  the  points  reviewed  are  referred  to  in  con- 
nection with  the  present  question  of  recession.  The  Independence-Dar- 
lington moraine  has  at  least  six  overflow  channels  across  it,  from  which 
the  water  formerly  flowed  south  between  this  ridge  and  the  eastern  edge 
of  what  Mr.  Leverett  calls  the  "Champaign  Till  Sheet"  in  his  report  men- 
tioned above.  This  till  sheet  approaches  in  the  vicinity  of  New  Richmond, 
Montgomery  County,  within  a  mile  of  the  Independence-Darlington  ridge, 
the  space  between  showing  long  stretches  of  very  fertile  level  prairies, 
doubtless  the  beds  of  former  lakes.  North  Coal  Creek  now  flows  west  along 
the  northern  border  of  this  portion  of  the  Champaign  till  sheet,  to  the 
great  bend  where  it  flowed  against  the  eastern  edge  of  the  Michigan  lobe 
and  was  turned  south  within  six  miles  of  the  present  line  of  the  Wabash 
and  compelled  to  make  its  way  twenty-flve  miles  to  the  south  before  join- 
ing it.  South  Shawnee  Creek  turned  south  then  and  joined  Coal  Creek  at 
the  bend  through  the  marshy  sag  now  connecting  their  abrupt  elbows. 

A  comparison  of  the  altitudes  of  these  gaps  with  the  altitudes  of 
stations  along  the  Cloverleaf  Railway  (T.,  St.  L.  &  K.  C.)  shows  very 
well  the  westward  slope  of  the  country  along  the  divide  between  the 
streams  flowing  north  into  the  Wabash  and  those  flowing  south  into 
Sugar  Creek.  In  the  order  of  their  occurrence  from  east  to  west  the 
stations  and  their  altitudes  are:  Clark's  Hill,  818  feet;  Beeville,  792  feet; 
Kirkpatrick,  787  feet;  Linden,  783  feet;  New  Richmond,  776  feet;  Wingate, 
776  feet;  and  Aylesworth,  at  the  bend  of  Coal  Creek,  on  the  C.  &  E.  I. 
R.  R.,  644  feet.  Aylesworth  is  150  feet  lower  than  Beeville  and  130  feet 
lower  than  New  Richmond.  The  water  then  must  have  been  held  in  by 
a  barrier  approximating  150  feet  in  height  to  account  for  the  overflow 
channels  south  along  the  eastern  edge  of  the  Champaign  sheet.  The 
altitude  of  the  overflow  channels  toward  the  south  would  give  the 
lake  lying  north  and  east  of  the  divide  a  depth  increasing  with  the 
northeastern  slope  to  more  than  100  feet  at  Dayton  in  eastern  Tippecanoe 
County,  whose  altitude  is  073  feet,  as  compared  with  787  feet  at  Kirk- 
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Patrick  or  776  feet  at  New  Richmond.  The  re<!essioii  of  the  ice  from 
the  present  line  of  the  Wabash  removed  the  bacli  wall  from  this  arrange- 
ment of  features  and  the  gradual  cutting  down  of  the  valley  of  the 
Wabash  eventually  drained  the  larger  and  several  succeeding  smaller 
lakes  and  permitted  the  establishment  of  the  present  drainage  of  south- 
eastern Tippecanoe  County. 

It  may  now  be  said  that  an  extension  of  the  same  process  further 
north  and  the  disappearance  of  the  ice  along  the  line  of  the  Tippecanoe 
to  its  great  bend,  and  along  the  upper  Kankakee,  while  the  ice  still  occu- 
pied the  country  to  the  west,  would  make  quite  simple  the  problem  of 
Lake  Kankakee  and  other  temporary  glacial  lakes. 

The  arrangement  of  moraines  along  the  north  bank  of  the  three  forks 
of  Wild  Cat  Creek  together  with  the  pirating  of  the  heads  of  several 
southern  tributaries  of  the  Wabash  indicates  a  companUively  rapid 
northward  recession  of  the  southern  edge  of  the  Erie  lobe. 

The  region  embraced  In  the  Wabash  basin  still  doubtless  presents  In 
almost  every  county  interesting  problems  for  the  intelligent  investigator 
who  may  care  to  look  for  them,  and  the  facts  and  opinions  here  set  forth 
are  intended  as  suggestions  to  be  verified  or  rejected  by  others  or  myself, 
after  further  investigation. 

Note:  In  No.  3  and  No.  4  of  maps  Illustrating  the  development  of  the 
Wabash  drainage  system  I  have  Indicated  the  probable  line  of  interlobate 
melting.  I  have  suggested  the  name  Tippecanoe  Gulf  for  this  reentrant 
area. 


A  Theory  to  Explain  the  Western  Indiana  Bowlder  Belts. 

By  W.  a.  McBeth. 

The  proximity  of  the  bowlder  belt  southeast  of  Independence.  Warren 
County,  to  the  moraine  which  parallels  it  a  little  distance  to  the  west, 
is  a  marked  relationship.  The  bowlders  lie  on  and  along  the  foot  of  the 
eastward  slope  of  the  moraine.  Where  the  slopes  are  gentle  the  belt 
widens  out,  and  on  the  abrupt  slopes  the  width  decreases  and  the  bowlders 
are  more  numerous.  There  are  also  patches  of  them  on  the  ridges  and 
knolls  that  lie  to  the  east  at  levels  lower  than  the  main  divide.  Bowlders 
are  not  infrequent  anywhere  in  the  whole  of  western  Indiana,  but  are 
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considerably  more  numerous  in  the  belt  than  elsewhere.  They  are  also 
more  numerous  about  the  eastern  ends  of  the  sags  or  low  valleys  through 
the  Independence-Darlington  moraine.  They  are  very  numerous  in  the 
valley  of  the  Wabash  at  Independence  where  the  belt  crosses  the  river. 
Here  in  the  lowest  part  of  the  valley,  and  on  the  terrace  north  of  the 
river,  they  lie  so  thick  over  the  surface  that  a  man  might  cross  a  tield 
stepping  from  one  to  another.  The  belt  is  not  continuous,  but  there  are 
gaps  both  south  and  nortli  of  Independence. 

A  number  of  tlieories  to  explain  these  l)Owlder  belts  has  been  pro- 
posed. The  tlieory  which  was  in  some  way  suggested  to  Mr.  T.  C.  Cham- 
berlin,  that  they  are  beach  lines,  was  dismissed  by  him  with  scant 
notice.  His  objections  to  the  theory  were  that  the  slopes  are  all  to  the 
southwest  and  that  there  could  be  no  ponding  of  great  extent  in  front  of 
the  ice  sheet.  The  general  slope  indeed  is  to  the  west,  but  the  slopes 
on  whicli  tlie  bowlder  belts  lie  are  eastward  slopes.  Further,  the  belts 
lie  at  the  western  side  of  areas  that  have  been  for  considenible  periods  of 
time  covered  with  water. 

The  belt  southeast  of  Independence  is  conspicuously  relatetl  to  the 
western  border  of  such  a  lake  area.  The  belt  northwest  of  the  Wabash 
follows  quite  closely  the  western  curve  of  the  border  of  the  south  arm 
of  Lake  Kankakee,  as  mapped  by  Mr.  I^everett.* 

This  belt  is  not  necessarily  or  probably  a  continuation  of  the  belt 
south  of  the  Wabaslj  Kiver.  Nor  are  the  bowlders  lying  across  the  valley 
at  Independence  cei'tainly  to  be  correlated  with  the  belts  to  the  north 
and  soutli.  All  tlie  bowlders  were  pro])ably  deposited  by  floating  ice, 
at  the  western  slmllow  edges  of  the  lalvcs.  where  bergs  and  floe  ice  would 
strand  and  <irop  tlieir  loads.  They  were  deposited  in  the  river  valley 
at  Independence  wliile  tlie  river  was  at  that  point  the  outlet  of  an  ex- 
tensive lake  lield  in  tlie  deep  preglacial  valley  extending  upstream  to  the 
mouth  of  the  TipixK-anoe  River  and  of  unknown  width  and  extent.  This 
lake  has  since  been  tilled  l»y  gravel  deposits,  but  bergs  stranding  about 
the  outlet  may  liave  deposited  the  bowlders  at  the  toi»  of  the  terrace, 
and  they  have  since  dropped  to  lower  levels  as  the  valley  was  cut  deeper. 
Reasons  for  believing  that  the  ice  sheet  disappeared  from  the  region  to 
the  east  of  the  present  southward  flowing  course  of  the  Wabash  and 
along  the  Tippecanoe  River  are  stated  in  the  article  on  "The  Development 


*In  his  Monograph  on  the  Illinois  Lobe«  pages  between  24  and  25. 
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of  the  Wabash  Drainage  System,"  in  this  volume.  The  westward  wall 
of  ice  along  this  Tippecanoe  Gulf  helps  to  explain  the  laking  which  was 
due  to  the  obstruction  of  drainage  toward  the  west. 

Commenting  on  the  theory  proposed,  Dr.  C.  R.  Dryer  mentioned  that 
the  Iroquois  Beach  in  New  York  is  thickly  strewn  with  bowlders  in  much 
the  same  way  as  the  Indiana  belts  mentioned. 


Aids  in  Teaching  Physical  Geoijrapuy. 
By  v.  F.  Marstebs. 


Harper'8  Ferry  Sheet. 

The  past  decade  has  witnessed  a  growing  interest  in  and  a  correspond- 
ing advancement  along  rational  lines  in  geography,  now  justly  regarded 
as  a  technical  science.  One  of  the  pertinent  reasons  for  this  is  that  the 
seeker  after  knowledge,  long  before  the  college  is  reached,  is  becoming 
cognizant  of  the  fact  tliat  the  mere  accumulation  of  geographical  facts 
does  not  constitute  geographical  knowledge  in  the  scientific  sense.  To 
know  ichrre  the  Blue  Uidge  is,  is  simply  memorizing  a  fact;  to  know 
what  it  is.  and,  still  fiirtlior.  to  Hud  out  for  one's  self  something  about 
the  sequential  history  of  this  topographic  feature,  constitutes  real  geo- 
grnphiv  knowledge.     The  former  calls  for  observation  and  the  sole  exer- 
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cise  of  memory;  the  latter  demands  that  we  not  only  accumulate  facts, 
but  that  we  seek  a  rational  explanation  of  the  facts  observed.  And  just 
80  far  as  we  can  see  the  relationships  of  the  factors  concerned  in  a  geo- 
graphical problem,  and  the  role  each  has  played  in  i)roducing  the  ob- 
served results,  to  that  de^'ree  have  we  jprained  real  and  useful  scientific 
knowledge. 

It  was  with  this  fundamental  principle  in  mind  that  I  have  set  about 
to  prepare  some  geographical  helps  to  attain  this  end.  Any  piece  of 
apparatus  such  as  a  geological  model,  or  map  which  properly  expresses 
an  evident  relation  between  the  geology  or  rock  structure  and  the  to- 
pography provides  good  material  from  which  may  be  gained  genuine  geo- 
graphical knowledge.  Such  material,  however,  is  often  in  poor  form  and 
shape  for  laboratory  use,  and  more  often  quite  useless  for  lecture  pur- 
poses, the  svale  being  too  small,  or  facts  not  well  exi)ressed.  The  ma- 
terial I  describe  below  is  intended  i)rimarily  for  use  in  lecture  work. 
It  consists  of  a  lantern  slide  of  a  model  representing  a  type  of  land  form, 
and  showing  at  once  the  relief  of  tlie  land  as  well  as  the  rock  structure 
in  two  cross  sections.  Witli  tlie  picture  of  a  model  which  brings  out 
clearly  the  relations  of  structure  to  toimgraphy.  and  all  the  larger  features 
of  adjustment  of  <lrainage  to  structure,  the  lecturer  can  actually  show 
up  the  facts  as  well  as  the  arguments  leading  to  his  interpretation  of  the 
actual  history  of  the  land  form  discussed.  Such  details  as  could  not  be 
shown  on  ordinary  maps  may  be  clearly  depicted  by  this  method  of  illus- 
tration. 

The  data  us<m1  in  tlie  construction  of  the  illustrated  model  were 
gathered  from  tlie  Oological  Atlas  sheets  published  by  the  United  States 
Geological  Siuv«\v.  The  area  selected  is  that  covered  by  the  llarpers 
Ferry  slieet.  From  tlie  data  tlierein  contained,  a  model  was  constructed 
on  tlie  scab'  oi'  one  iiH-li  to  the  mile,  vertical  scale  one  inch  to  sixteen 
hundred  feet. 

The  nietliod  uschI  in  the  construction  of  tlie  base  may  be  aptly  termed 
the  contour  method.  The  course  of  ])roce(lur(^  was  as  follows:  The 
topographic  sheet  was  first  enlargod  to  the  dcsircnl  scale.  In  the  case 
of  Harpers  Ferry  it  was  enlarged  from  two  miles  to  the  Inch  to  one 
mile  to  the  inch.  The  culture  in  addition  to  the  topography  was  also 
transferred  to  the  enlarged  sheet  and  the  whole  traced  on  tracing  cloth. 
The  next  step  was  to  determine  the  vertical  scale  which  would  give  the 
most   expressive  and   yet  close  approach   to  the  natural  appearance  of 


196 

the  topography  when  combined  with  a  jriven  horizontal  scale.  In  the 
illustration  selected  it  was  found  that  sixteen  hundred  feet  to  the  vertical 
Inch  gave  the  most  effective  result.  Inasmuch,  then,  as  tlie  contour 
interval  useil  on  the  topographic  sheet  was  one  liundre<l  feet,  and  we 
wished  to  adopt  In  the  construction  of  the  model  the  scale  mentioned 
al.K>ve,  it  follows  that  sixteen  sheets  of  strawboard.  one-sixteenth  of  an 
inch  in  thickness,  placed  one  upon  another,  would  provide  the  vertical 
scale  desired.  This  determined,  each  contour,  beginning  with  the  lowest, 
was  then  traced  on  separate  sheets  of  strawboard.  carefully  cut  out, 
piled  in  their  proper  succession  and  location,  and  tacked  to  a  well  sea- 
soned wooden  base  or  platform.  The  model  at  this  stage  presented  a 
terrace-like  appearance.  This  objectionable  feature  so  often  seen  on 
geographical  models,  was  easily  obliterated  by  covering  the  entire  surface 
with  a  sheet  of  clay,  taking  care  of  course  to  preserve  as  nnich  of  the 
details  of  relief  as  was  shown  on  the  original  map.  A  plaster  negative 
was  next  made  from  the  original  and  from  it  a  final  positive  was  prepared. 
After  thorough  drying,  the  surface  was  painted  a  dead  white.  The 
partings  or  the  contacts  between  adjacent  formations  as  indicateil  on  the 
geologic  sheets  referred  to  above,  were  carefully  i)l(>tted  and  drawn  on 
the  white  surface,  in  well  defined  black  lines,  sufficiently  broad  to  be 
clearly  photographed  on  a  scale  small  enough  to  be  transferred  to  a 
lantern  slide.  Before  taking  this  step,  however,  another  addition  was 
made  to  tl»e  model.  Two  cross  sections  expressing  the  structural  geology, 
one  from  east  to  west  and  the  other  from  north  to  south,  the  former 
located  on  the  south  end  and  the  latter  along  the  east  side  of  the  mo<lel, 
were  prepared.  The  outline  of  the  topography  along  the  respective  s(H!- 
tions  was  also  traced  on  each  section  and  cut  out.  These  sections  were 
then  fastened  to  the  end  and  side  of  the  mo<lel  in  their  proper  vertical  i>osI- 
tion,  so  that  the  relief,  partings  and  structure  were  correctly  correlated. 
The  model  was  then  photographed  in  a  tilted  position  so  tliat  ]>otli  sections 
could  be  clearly  seen  and  the  relief  at  the  same  time  well  expressed  by 
obtaining  moderately  strong  light  and  shade.  It  Is  especially  inipoi-tant 
that  the  lines  of  contact  be  clearly  brought  out,  as  tliey  determine  the 
limits  of  the  formations  to  be  subsequently  colore<l.  A  slide  was  next 
made  from  the  negative  and  sent  with  a  copy  of  the  Harpers  Ferry  Atlas 
sheet  to  a  photographic  artist,  with  Instructions  to  color  the  slide,  adopting 
of  course,  so  far  as  might  be  feasible,  the  same  scheme  of  colors  as  ai>i)(\ar 
on  the  geologic  sheets. 
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has  been  shifting  its  course  during  the  past  few  centuries.  The  dott^ 
lines  indicate  the  location  of  ridges,  which  wlien  carefully  traced  are 
found  to  mark  one  or  the  other  of  the  banks  of  the  more  ancient  streanL 

I  will  return  to  this  after  detailing  some  of  the  operations  of  the 
agencies  which  I  have  observed  during  the  past  (luarter  of  a  century. 

At  z,  Fig.  A  (enlarged  section,  Fig.  C),  is  a  small  tableland  (t),  which 
twenty  to  twenty-five  years  ago  was  broader  and  extended  upstream  live 
to  seven  rods  further  than  it  now  does.  In  half  a  century  more,  at  the 
present  rate  of  erosion,  the  part  of  the  tableland  still  remaining  will  all 
have  disappeared,  and  wliat  is  now  a  well  defined  ridge  will  have  become 
a  bluff.  Both  the  ridge  and  the  tableland  are  covered  with  forest  trees, 
while  the  bluff  for  a  mile  up  the  stream,  and  from  the  point  of  contact  (u) 
of  river  and  ridges  is  barren,  indicating  constant  and  rapid  weathering, 
and  conseciuently  a  gradual  northward  movement  of  the  stream  bed. 
I  shall  return  to  this  again  after  giving  fuller  observations  of  similar 
changes  at  the  bend  y.  Fig.  A. 

This  bend  Is  best  studied  in  Fig.  B.  More  tlian  twenty  years  ago  I 
was  familiar  witli  tlie  bar,  n',  lying  under  but  upstream  from  tlie  syca- 
more tree,  v,  which  still  stands.  Tlien  the  bar,  n'  (see  n,  Fig.  D).  was 
the  only  one,  and  formed  the  river  bank.  It  was  of  pure,  washed  sand 
and  had  no  vegetation  whatever  growing  upon  it.  It  now  has  willow 
and  sycamore  trees  live  or  six  inches  in  diameter.  Now,  also,  there  is 
another  bar  (w'  in  Fig.  B  and  w  in  Fig.  IM.  which  is  the  one  l)ordering 
the  river,  ol'  pure,  washed  sand  and  without  vegetation. 

These  tacts  stimulated  further  investigation  and  furnished  the  key  to 
deeper  secrets.  I  examined  the  topography  farther  east  and  found  a 
considerable  elevation  about  forty  feet  wide  (m'  in  Fig.  B  and  m  in 
Fig.  D),  and  sueeeeded  by  a  lowland;  then,  again,  another  rise,  1  (1'). 
extending  (\*istward  for  two  hundred  and  fifty  feet,  and  in  turn  succeeded 
by  a  sink,  better  marked  than  any  of  the  others  (see  k  in  Fig.  D  and  k'. 
Fig.  A).  Both  these  bear  evidence  of  being  former  bars,  and  their  relative 
ages  are  evidenced  l>y  the  trees,  which  I  have  tried  to  indicate  in  my 
drawings,  by  trees  and  stump.  Those  trees  which  have  grown  upon  m 
(m')  are  not  larger  than  fifteen  inches  in  diameter,  while  those  upon  1  d') 
were  large  forest  trees,  many  three  and  four  feet  in  diameter.  This 
last  is  all  cleared  of  its  timber  now  and  is  a  well  cultivated  field.  In 
Fig.  A,  n",  m".  1".  and  k'  do  not  represent  the  correct  relative  distances, 
only  relative  position. 
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From  f  to  y,  Fig.  A,  is  a  barren  bluff  and  gives  evidence  of  the  river 
bed's  gradual  southward  movement,  but  at  y  (enlarged  section  of  which  is 
found  in  Fig.  B)  the  westward  movement  of  both  bed  and  bluff  is  quite 
marked.  Within  the  time  of  my  own  observation,  1  am  certain  that  from 
twelve  to  fifteen  feet  of  the  bluff,  which  is  some  fifty  feet  in  height,  has 
disappeared.  A  year  ago  a  mass  of  oartli  (see  g  in  Fig.  D)  6x8x30  feet 
dropped  down  five  feet  at  the  north  end,  but  still  clings  to  the  surface  at 
the  south  end.  It  is  rapidly  yielding  to  the  elements,  and  two  years 
hence  no  trace  of  it  will  remain.  As  tliis  bluff  moves  westward  the  one 
at  X  is  moving  eastward  at  about  the  same  rate  of  speed.  Thus  in  the 
course  of  two  thousand  years  will  occur  a  phenomenon  rarely  found  on 
this  stream,  i.  e.,  a  waterfall  or  rapid— a  fall  of  thirteen  feet  in  one  thous- 
and, and  possibly  a  canyon,  also. 

Yet  tliere  will  still  remain  enough  bend  to  renew  the  northward  move- 
ment of  the  cliannol  and  in  time  the  highland  of  the  "Heiney  Bend'*  will 
disappear— the  stream  will  bend  far  to  the  north— the  bottom  lands  will 
lie  south  of  the  stream,  with  the  adjoining  bluff  of  the  river  on  its  north 
bank.  The  newly  formed  bottom  lands  will  lie  much  lower  than  those  of 
the  "Sheet  Bend"  at  present. 

Now  let  us  leave  tlie  present  and  future  of  the  stream  and  go  back 
to  its  past.  Following  the  old  bed  as  indicated  by  its  right  bank  (the 
dott«>d  lino,  pq,  in  Fig.  A.  and  p',  Fig.  B),  and  taken  in  relation  with 
some  sink  holes  (o  in  Fig.  A  and  o'  in  Fig.  B),  along  the  foot  of  the 
ridge,  it  is  evident  that  the  old  bed  crossed  its  present  bed  at  p  and  q, 
and  that  the  "Shutt  Bend,"  which  is  extending  itself  southward,  was  once 
much  smaller  than  now.  This  bend  has  been  greatly  enxled.  It  is  consid- 
eral>ly  lower  than  its  neighbor  on  the  west,  the  south  part  of  the  "Heiney 
Bend."  and  as  a  consequence  does  not  bear  the  remains  of  as  ancient 
river  Ixnis  as  tlie  latter.  In  Fig.  B.  I  have  endeavored  to  show  the  low 
places  in  the  surface  by  shortening  the  lines  which  indicate  the  bluffs  and 
ridges:  thus  r'  and  s'  correspond  with  the  dotted  lines  r  and  s  in  Fig.  A, 
and  doubtless  locate  the  successive  channels  of  the  river  before  it  settled 
down  between  the  ridges  and  bluffs  whicli  bound  its  present  immediate 
basin,  or  what  tlie  farmers  term  tlie  ''first  bottom,"  more  generally  recog- 
nized as  the  'lower  terrace."  From  the  present  topography  it  is  certain 
that  after  the  river  left  its  channel,  r,  and  before  it  took  its  present  gen- 
eral course  between  the  ridiros.  it  crossed  at  s.  and  again  at  h.     A  far 
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more  ancient  clumnel  than  any  of  these,  however,  is  found  from  a  to  b. 
This  rises  on  much  hlj?her  j^rouud  at  a  and  thouj^h  not  so  well  marked 
as  the  more  recent  channel  its  lower  course,  as  it  nears  b.  has  become  well 
emphasizeil  by  recent  drainajre  of  the  adjacent  country. 

The  stn»ani  will  probably  forage  its  way  to  all  the  bounding:  ridges 
and  denude  tliem— render  them  bluffs— ])ef ore  cutting  its  new  channel, 
xy,  when  it  will  again  leave  them  to  weather  themselves  into  symmetrical 
shapes,  dress  in  forest  verdure  and  present  historj-  as  well  as  future 
possibilities,  which  si)eculation  in  this  age  is  unal)le  to  suggest. 


Notes  on  toe  Ordovician  Kocks  of  Southern  Indiana. 
By  Edoab  R.  Cumikgs. 

The  i)resent  paper  dealing  with  the  stratigraphy  of  the  Ordovician  of 
Indiana  is  preliminary  to  a  more  complete  report  on  this  interesting  series 
of  rm-ks.  wliich  tlie  writer  has  in  preparation.  In  the  latter  i»aper  an 
extendtnl  discussion  of  tlie  faunas  of  these  rcH'ivs  will  be  i)ossible.  At 
present  the  study  of  the  large  collections  obtained  is  not  si  iiciently 
advanctsl  to  admit  of  any  such  presentation.  It  is  therefore  proiK>sed  to 
give  here  practi<ally  nothing  but  the  notes  taken  in  the  tield.  with  such 
supplementary  remarks  as  may  seem  necessary. 

Tlu»  work  of  the  Indiana  University  (Geological  Survey  during  the 
tiehl  season  of  IJHK)  covered  the  counties  of  Dearborn,  Switzerland,  Ohio 
and  .Tt»fft»rson.  The  following  sections  were  measur»Ml  and  from  most 
of  them  (»xtensive  collections  were  made: 

Station  in  Kentucky  opposite  tlie  mouth  of  the  Miami  Uiver  (.j.OA):* 

Ft.        In. 

51— Covered  to  top  of  hill 112 

60 — Fragments  of  Strophomenoid  shelli 7 

49— Shale 1 

48— Limestone.     Fragments  of  Brachiopods 6 

47— Shale 1 

46 — Hard  limestone  with  Raftnem^uina 5 

46— Shale 2  4 

44 — Limestone.     Rajine^fiuina  abundant 5 

43 — Covered,  probably  shale 17  6 

^  Thii  section  In  Kentacky  is  giren  because  it  is  the  farthest  oast  of  any  section  show- 
ing exposures  of  rock  to  river  level. 
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Ft.  In. 

42— Shale , 2  6 

41 — Limestone 5  2 

40 — Shale  witli  thin  layers  of  pandstone 8  6 

39 — Limestone  willi  Bryozoa  and  Rafinenquina 3 

38— Mostly  shale 10  8 

37 — Crystalline  limestone.     Rufine^tiuina  and  DabnamUa 9 

36— Shale   2  3 

35 — Thin  layers  of  bryozoal  limestone 1 

34— Shale  . ' ! 6  9 

33 — Bryozoal  limestone 6 

32— Shale 7 

31 — Limestone,  bhale  at  top.     Dalmajulla  (aa) 7 

30— Covered 42 

21)— Compact  highly  crystalline  limestone  ;  few  fossils 3 

28— Shale ..'...'. 2  9 

27 — Highly  crystalline  limestone  containing  fragments  of  Ascphus 7 

26-Shale  .    .'. 5 

25 — Compact  limestone  containing  DahnancUa 5 

24 — Covered,  probably  some  limestone 16 

23  — Brachiopod  limestone  (?) 4 

22— Covered 8  4 

21 — Limestone.     Rafineifqmna  and  Trilobites 3 

20— Shale 6  4 

19— Covered  (probably  shale) 16 

18  -Limestone  (in  place?)    6 

17— Shale 10  8 

16 — Limestone.     Bryozoa,  pledambonitea 3 

15-Shale .' 1 

14 — Limestone.     Balmandla^  Tlectumboniks 2 

13  -Shale 7 

12— Sandstone 3 

11— Shale 2  9 

10 — Limestone  with  Jfulnmnella. 3 

9— Shale,  possibly  some  sandy  layers 5 

8 — Hard  compact  limestone,  very  few  fossils 5 

7— Shale 6 

6 — L;«yer  of  crystalline,  crinoidal  limestone 

5 — Partly  coverctl,  mostly  >liale 33 

4--Sandy  layer  with  Trifiuclrnt;  ccrnrrjitrlcu.^ 1 

3— Shale... 5  4 

2 — Limc'stone  containing:  DnlmafnUa  (aa*) 2  3 

1— Shale  to  level  «)f  Ohio  river 6  2 

Total  section 361 

n,  ii))Uii(iant;  an,  very  abundant;  c,  common;  r,  rare. 

14— A.  OF  JfCIKNCK. 
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In  the  high  hill  just  south  of  Aurora  the  rocks  are  exposed   as  follows 
(n.35  A): 

Ft,  In, 
45 — A  few  layers  at  the  top  contain  Rafinesqaina,  the  remainder  cov- 
ered      60 

44 — Limestone  with  PlatystrophiOf  Htherteila^  Rajinesguina^  MontiaUi- 

poroy  etc 16 

43 — Highly  fossiliferous  limestone.     PlaUjiiropkia^  Hthtrtdla^  etc 1  6 

42 — Shale  with  occasional  layers  of  limestone 4  4 

41 — Limestone  with  Zygospira  and  Gastropoda 3  4 

40 — Limestone.     Rafinesquina  (aa) 1  6 

89-8hale 8 

38— Same  as  32 4 

37— Covered 1  8 

36— Coarsely  crystalline  highly  fossiliferous  limestone 2 

35— Covered 6  10 

34— Same  as  32 3 

33— Shale 1  8 

32 — Coarse-grained  fossiliferous  limestone,  with  yellow  argillaceous 

material  in  streaks 8 

81— Shale 6 

80 — Limestone.     Zygospira  and  ITebertella 6 

29  —Shale  and  shaly  limestone 1  3 

28 — Very  fine  grained  compact  limestone,  no  fossils 3 

28— Shale 1 

26— Limestone  intercalated  with  shale 1  6 

25-Shale 9 

24— Sandstone 3 

23— Covered 2  6 

22 — Coarse-grained,  blue  limestone,  mottled  with  brown.    Large  thick- 
shelled  Rafinetfquinai* 8 

21— Shale 8 

20 — Hard  blue  crystalline 8 

19— Covered 1  4 

18 — Limestone  (in  place?) 10 

17 — Covered,  probably  limestone 10  8 

16 — Steel-blue  finely  crastalline  limestone  with  Rofine»ipiina 5 

15— Shale 8 

14— Shaly  sandstone 3 

13— Coarse  crystalline  limestone 8 

12-Shale 6 

11 — Compact  limestone,  gray  mottled  with  yellow 6 

10— Shale \ 9 

9— Compact  fine-grained  drab  limestone.     Few  fossils 9 

8— Shale 1 
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I't.  In. 
7 — Compact,  hard,  coarsely  crystalline  limestone  containing  JRafineS' 

ffuina . .  7 

6— Shale 10 

5 — Blue  cryetalline  limestone.     Bajinftujnha 4 

4— Shale 6 

3 — Crystalline  limestone   with  R(iiintS(jnina,   Plah/atrophiaj  Monliculi- 

pora,  etc 6 

2 — Talus  with  immense  number  of  fossils 85 

1 — Covered  to  the  level  of  the  river.     Dalmanella  abundant  in  the 

loose  pieces  near  the  bottom 180 

Total  section 393 

On  the  north  side  of    Laughery  Creek,   opposite   Hartford,  the   following 
section  was  measured  :     (§  1.36  A.) 

Ft  In, 
34 — To  top  of  the  hill,  loose  pieces  of  limestone  containing  Platy^tro- 

phia  and  HeberUlla 60 

83 — Thin  bedded  limestone 5 

32-Covered 2  8 

31— Same  as  29 3 

30— Shale ' . .  4 

29 — Limestone  with  argillaceous  streaks 6 

28— Covered 2  8 

27 — Hard  compact  limestone 4 

26— Covered 8 

25 — Coarse-grained  crybtalline  argillaceous  limestone 4 

24— Covered 6 

23 — Limestone  containing  Gabtropoda  and  Rafin€)*(juina 6 

22— Covered 5 

21— Same  as  18 3 

20— Covered 1 

19— Same  as  18 4 

18 — Limestone  coarsely  crystalline,  light  colored 3 

17— Sandstone 3 

16— Same  as  14 2 

15 — Same  as  14 '. 4 

14 — Drab  crystalline  limestone 3 

13— Covered 6 

12— Same  as  10 5 

11— Covered 6 

10 — Tliin-be(hled  rrystalline  limestone 6  5 

9— Covered 1  4 

8— Coarse  crystalline  limestone 6 

7 — Covered 6 
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Ft.  In. 

6 — Coarse  crjstalline  limestone 10 

5— Covered 10  8 

4— Same  as  2 3 

3— Covered 2 

2 — Very  hard  compact  limestone,     liafinenjuina 9 

1 — Covered  to  level  of  road 150 

Total  section 25o 

In  the  hluff  on  the  north  side  of  Laughery  Creek,  a  little  over  a  mile  west  of 
Milton,  the  following  section  was  measured  :     (^  1.36  B  ) 

Fl  In, 

18— -To  top  of  hill.     Platynfrophia.     /ffiAerfe/Za,  etc.,  in  loose  pieces 38  6 

17 — Limestone  with  Platyslrophia  laticosta 3 

16— Covered 19 

15 — Same  as  11  8 

14— Covered 9  6 

13— Same  as  11 3 

12— Covered , 5  6 

11 — Coarse  crystalline  limestone,  gray  mottled  with  yellow 3 

10— Covered 2 

9— Thin-hedded  limestone  with  llafineiquinay  crinoids,  etc 1  2 

8— Covered 4  2 

7 — Very  coarse  gray  crystalline  limestone.     liajineitquina  (fragments) 

very  abundant 4 

6— Covered 43 

5 — Limestone  with  Bryozoa 6 

4 — Covered 48 

3 — Crystalline  limestone  with  Dalmanella 6 

2— Covered  to  road 43  4 

1 — C-overed  to  creek  level 20 

Total  section 237 

In  the  north  hluff  of  Laughrey  Creek,  one  mile  south  of  the  mouth  of  Hayes 

branch,  is  the  following  section:     (^  1.36  C.) 

Ft.       In. 

46 — Covered  to  top  of  hill 40 

44— Same  as  43 10 

43 — Limestone  with  P!aty9trophia  and  HeherttUa 1 

42— Covered 6  6 

41 — Coarse  crystalline  limestone  streaked  with  yellow.    Rnnnt:»(iuina. .     ..  8 

40 — Partly  covered.     Limestone  with  Rnjirn^^iuinn 12  6 

39— Drab  to  bluish  (^ompact  limestone,  no  fossils 8 

:  8 — Course  gray  crystalline  limestone 1  4 
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Ft.  In. 

37 -Covered 30 

36 — Coarse  limestone  streaked  with  jellow.     Contains  Kryozoa 1  6 

35— Covered 4 

34 — Very  hard  compact  limestone.     Lower  layer  contains  Brachiopoda 

and  Bryuzoa 3 

33 — Limestone  containing  large  numbers  of  EnjineAijuina 1  3 

82— Covered 5 

31 — Coarse  limestone.     Jiafiju/^fuina 6 

30— Covere«l 1  9 

29 — Limestone  with  layer  of  sandstone  at  the  top 8 

28— Covered 2  4 

27 — Limestone  with  Bryozoa  and  crinoids 7 

26— Covered 1  4 

25 — Coarse  blue  limestone  streaked  wiih  sandbtone 1 

24— Covered 1  8 

23 — Blue  coarse-graint'd  limestone  with  Brachioj>oda  and   Bryozoa 4 

22— Covereil 6 

21 — Coarse-grained  blue  compact  limestone 3 

20-  Covered 20  9 

19— Coarse  lumpy  argillaceous  limestone.     Bryozoa 7 

18— (overed 6 

17 — Very  coarse,  ferruginous,  Bryozoal  limestone 1  2 

16 — Covered 5  4 

15 — Yellow- mottled  limestone.     Bryozoa 5 

14 — Covered 5 

13 — Blue  coarse  limchtone.     Fragment  of  liofineftjuina  very  abundant.      .  6 

12-Covered 1  2 

11 — Fine  grained  limestone.      Bryozoa 6 

10— Covered 3  4 

9 — Gray  limestoi»e  with  large  white  crystals  of  calcite.     Many  frag- 
ments of  fossils 9 

8— Covered 16 

7 — Coarse,  crystalline,  drab,  unfossililerous  limestone 3 

6— Covered 1  6 

5 — Thin  limestones.      Bryozoa  very  abundant 1 

4 — Coarse  gray  crystalline  limestone.     Dahnanella  (aa) 5 

3— Covered 22 

2 — Blue-mottled  crystalline  limestone 5 

1— Covered oO 

Total  section 23') 

Level  of  the  creek. 
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Just  flouth  of  the  Wei^bnrg  utatioD,  in  the  bank  of  the  creek  to  the  west  of 
the  railroad,  the  upper  layers  of  the  Ordovician  are  expofed.  From  this  ex- 
posure a  large  and  very  satisfactory  collection  of  fossils  was  obtained.  A  section 
at  this  point  is  as  follows  ({;  1.34  A) : 

Ft.       In. 

16 — A  number  of  feet  of  barren  limestones 

14 — Blue  compact  fine-grained  limestone.     No  fos^ilB 1 

13— Covered 6 

12 — Compact  limestone.     Rhynehotrcma  capax 6 

11 — Thin-bedded  limestone 1 

10 — Very  compact,  tine-grained  limestone 

9 — Calcareous  shale  with  Strophomena 

8 — Limestone.     Fragments  of  Aaaphus. 

7— Sha  le 

6 — Limestone  with  Hcbertella 

6 — Limestone  same  as  4 , 

4— Blue  limestone  with  Rafinetquina  edgewise  (aa) 

S—ItafineBfiuina  flatwise  (a) 

2— Shale 

1 — Coarse  compact  limestone,  no  fossils 


Total  section , 

Level  of  creek  below  railroad  culvert. 
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8 
7 
4 
9 
3 
8 
3 
3 
2 
10 


Continuing  on  down  the  creek  from  this  point,  the  following  layers  are 

passed  over  ('i  1.34  B): 

Ft.  In. 

4— Limestone 8 

3 — Irregular  lumpy  shale 2  6 

2 — Limestone  and  shale  with  Unfine%(jmna  and  Hebertella 1  4 

1 — Very  coarse-grained  limestone.     Rhynchotrema  (aa)  2  3 


Down  stream  from  this  point  no  measurements  were  made,  owing  to  theefl'ect 
of  rainy  weather  upon  the  barometer,  but  the  characteristic  foEsils  of  the  success- 
ive layers  were  noted.  These  are  as  follows  from  the  last  mentioned  layer  down- 
ward (^  1..S4  Ci: 

16 — Plectarnbojiites  sericea  (aa). 
15 — Strophomtna  i iKjfmi  (aa). 
14 — Barren  shale. 
1 3 — St  roph  om  rna. 
1 2 — St  1  ejtttfas  m'l  ( a  a ) . 
l\  —  }hh*rtf:Uo  (aa). 
10  -  Sfrcptffa.^Jim, 
9— £<7>^»/^a  ihnmhni(hiliA  (aa). 
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8 — Dinorlhis  auhquadrata  (a). 

7 — Ilehertdla  occii!*'ntaii8  (a). 

6 — Rnfinenfuina,  Strfptelamna,  PlaiifMrophiaj  Ltphtna, 

6 — R"fin€8(pi ina,  Moniiculipora. 

4 — Dalmantl/a  (shaly  limestone). 

3 — Rati  n  es<j  uina. 

2 — Anaphioiy  culi/meae.     Rafiufmiuina. 

1 — Rafit^e»ffn  ina, 

Ra/ines<jui7ia  remains  the  dominant  fossil  for  some  distance  farther  down  the 
creek,  where  its  place  is  taken  by  the  several  varieties  of  p/uty^'rophia  biforata. 

No  good  sections  of  the  Ordovician  are  to  be  found  in  the  vicinity  of  Rising 
Sun.  Numerous  exposures  of  the  various  members  may,  however,  be  teen  at  a 
number  of  points.  These  exposures  show  that  the  lower  members  are,  as  in  the 
other  localities  already  studied,  characterized  by  the  great  abundance  of  Do/mo- 
■Htlla  and  Pleetamhoniles.  These  fossils  are  succeeded  in  the  beds  next  above  by  a 
number  of  species  of  Trepoidomata,  which  in  places  completely  fill  the  rocks. 

Above  the  Bryozoa  beds  Rafinempiina  a/ternata  becomes  abundant,  though 
of  course  occurring  in  limited  numbers  at  almost  every  level.  Next  fol- 
lows the  zone  of  PI aty atrophia  biforata  and  its  varieties.  This  is  in  turn  succeeded 
in  the  tops  of  the  hills  by  a  zone  in  which  a  varietal  form  of  Rvtinesfiuina  alter- 
nata  is  abundant,  to  the  exclusion  in  places  of  almost  every  other  fostil.  The 
higher  zones  are  not  prehent  in  the  vicinity  of  Rising  Sun. 

Vevay,  in  Switzerland  county,  is  one  of  the  best  localities  in  the  State  for 
the  collection  of  Ordovician  fossils,  and  et-pecially  of  the  various  forms  of  Plntys- 
trophia.  Two  detailed  teclions  were  measured  at  this  place.  These  are  desig- 
nated A  and  B.  Section  A  begins  at  the  head  of  Main  Cross  street  and  extends 
up  the  little  gully  just  east  of  the  Orphan  Asylum. 

This  section  (A)  is  as  follows  (^  1,  38  A.) : 

Ft.        In. 

87— Covered  to  the  top  of  the  hill 80 

86 — Limestone  with  PlatyMrophia  and  HtberteUa 6 

85 — Yellowish  argillaceous  sandstone 4 

84 — Thin-bedded  limestone  containing  P/a/V^/ro/)Aja  and  Ihbertefla 12 

83 — Platystrophia  biforata 6 

82 — Yellow  sandstone 4 

81— Covered 3  3 

80 — Argillaceous  arenaceous  limestone 4 

79 — Some  covered,  mostly  thin  layers  with  Rajini'mjuiua 14 

78 — Limestone  with  Rafines({iiina  and  Bryozoa 6 

77— Covered 3  8 

76 — Compact  limestone  with  liajinesiptina 4 
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ft  in, 

75— Covered 6 

74— Same  as  72 3  8 

73— Covered 1  3 

72 — Coarse-grained  limestone  Zygo^pira  Bryozoa 4 

71— Covered 3 

70 — Fine-grained  limestone.     Zygospira 3 

69-Shale 6 

68 — Coarse  limestone  Rafinesquina  (aa) 5 

67— Covered 1  8 

66 — Thick,  coarse,   light  gray  limestone.     Fragaents  of  Eajinei'qmna 

(aa).     Zygospira  (c) 1 

65— Thin-bedded  light  colored  limestone.     Bryozoa 8 

64— Covered 6 

63— Bryozoal  limestone 6 

62— Covered 8 

61 — Limestone.     Dalmanetla  (aa) 1  2 

60— Covered 8  8 

59 — Dark  drab  limestone.     Dalmanella 4 

58— Covered 2 

57— Compact  limestone  with  Dalmanella  (aa) 7 

56— Covered,  probably  limestone 25 

55— Coarse  limestone  with  large  white  crystals  of  calcite 6 

54— Shale 6 

53 — Limestone,  fragments  of  Bajinest/uina  (aa) 3 

52— Shale 10 

51 — Limestone  tlecked  with  large  flakes  of  calcite 3 

50-Shale 2  8 

49— Coarse- grained  limestone.     Dalnianclla  (aa) 6 

48-Shale 1 

47 — Limestone  with  Dalmanella  and  Bryozoa 3 

46— Yellow  weathering  shale 2 

45 — Thin  layers  of  limestone  with  Dalmanella 5 

44— Shale 2  3 

43 — Layers  of  calcareous  sandstone 6 

42-Shale 3 

41— Limestone 2 

40— Shale 3  8 

39— Crinoidal  limestone 8 

38— Shale 5 

37 — Bryozoal  limestone  in  thin  layers 2  6 

36— Shale  and  thin  limestone 2  6 

35— Bryozoal  limestone 5 

34-Sh'ale 2 

33— Masnive  hard  limestone.     Fragments  of  Dalmanella  and  Bryozoa. ...  10 
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Ft.  In. 

32 — Thin  limestone  and  shale.     Dalmanella 2  4 

31 — Limestone.     Very  perfect  specimens  of  Dalmanella  (aa) 4 

30— Shale 1  8 

29 — Limestone.     Rafiiw^ftjuina  (aa) 7 

28— Shale 8 

27 — Sandstone 4 

26 — Shale  with  thin  layers  of  limestone 6  3 

25 — Dark  crystalline  limestone.     Few  fossils 4 

24-Shale  „'. 5  4 

23 — Limestone.     Crinoids.     Bryozoa.     Trilobites.     Dahuavelta 7 

22— Shale 2  6 

21 — Limestone.     Fragments  of  Trilobites  and  Dalmatnlki 3 

20— Shale . .  7 

19 — Thin  layers  of  limestone  with  intercalated  shale 1 

18— Shale 7 

17 — Limestone.     Vri\f:^ineu{soi  Vahnuntlla,  Raiiiu y^j mna  nnd  Hry o/.o'd . .      ..  3 

16— Shale 2  6 

15-Samo  as  13 6 

14-Sh:ilc 5 

13  -Compact  Brynzoal  limeslone 3  to  5 

12 — Shale,   with  occasional   layers  of    limestone  containing  stems  of 

Bryozoa fi  4 

11  —  limestone  sp«)ttcd  with  argillaceous  material  and  containing  large 

Brvdzoa 3 

10— Shale  with  oci'asionnl  tliin  lenticles  of  limestone 2  3 

9 — Thin  layers  < it  fine-grained  compact  limestone  containing  Ifulnm- 

iielln  and  Wvyo/jni 1 

8— Shale ' 1 

7 — Limestone  with  argillaceous   material  in  spots.     Contains  Dulina- 

nella 5 

6— Shale 4 

5— Same  as  r. 10 

4— Shale 4  6 

3 — Dark  blue  crytalline  limestone,    rifeionihuiiit'.-  iii\d  J>ahn(nu/la  \i\n)      ..  6 

2 — Blue  clay  shale (> 

1 — Covered  to  river  level 101 

Total  se.tion 389 

Along  the  road  (not  the  pike)  running  over  the  hill  back  of  Vevay  most  of 

the  rocks  of  section  A  are  expc)scd  together  with  nil  of  the  rocks  represented  by 
No.  87  (covered)  of  that  section.     The  latter  are  very  important,   inasmuch  as 

they  include  the  greater  part  of  the  platystro})hia  beds,  here  ideally  exposed  for 

the  collection  of  fossils.     In  fact  several  hundred  specimens  of  this  species  were 
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obtained,  most  of  them  in  an  excellent  state  of  preservation.  An  exact  record 
was  kept  of  the  layer  from  which  each  specimen  came,  thereby  rendering  the 
material  of  the  utmost  value  for  the  study  of  variation. 

This  section  (H)  is  as  follows  (U.38  B) : 

Ft,      In. 

60 — Heavy  compact  limestone.     Few  fossils 27 

69 — Shaly  limestone  with  Platintrophia  lynx,      Hebertdla,  MontcuUpora^ 

etc.,  P.  laticosta  toward  the  top 49 

68— Shaly  limestone.     Hebeitdla  (aa)  some  Platy^tiophia  and  JRojines- 

(fuina 10  8 

67 — Shaly  limestone.     Itajiiie8<jinna  and  Hthcrtdla 2 

66 — Thin  argillaceous  limestone 16 

65— Limestone.     Base  of  Platystrophia  zone 3- 

64 — Limestone 3 

63 — Limestone.     Ilnfinesiiuina 2        10 

52 — Limestone  with  Zytfonpira 5^ 

51 — Limestone  with  Rafin^fquina 6  4 

60 — Very  coarsely  crystalline  gray  white-i^potted  limestone G 

49— Sandstone 1 

48— Crinoidal  limestone  with  fragments  of  Raf.  (aa) 4 

47 — Covered 7 

46 — Mostly  limestone  with  Eafinef</uina 5  4 

45  —  Fine  grained  limestone  with  RaJinffi^Una 2 

44— Covered 2  4 

43— Limestone  with  Bryozoa  (aa) 3 

42 — Limestone  with  Ropnesijuina 5 

41— Covered 1         10 

40 — Rajint  equina.     Bryozoa 8 

39— Covered 17 

38 — Thin   layer  of   light  colored  limestone  with  Rafncsmiina  (t-hells 

weathering  red) 1  3 

37— Covered 2  4 

36— Same  as  35 1 

36 — Limestone  with  Dalmnnella  (aa).     Bryozoa  (aa)  Rafinesquina  (irag- 

ments) 4 

34 — Limestone.     Soft,  gray.     Dalmamlla  (aan) 1  6 

33 — Covered  :  some  expoi>ed  shale  and  limestone 12 

32 — Thin  limestones 1  8 

31 — Coarsely  crystalline  light  gray  limestone  containing   Dohnotn/la 

and  Bryozoa S 

30— C(»vered 5  6 

29— Compact  limestone.      Dahnnndhi  and  Bryozoa 1 

28— Shale 4 

27 — Liinesione 4 

26-Shalt 7 
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Ft,  In, 

^—Limestone.     Dalmanella  (aa)  Bryozoa.     Fragments  of  Rafin€»iuina      1  3 

24 — Shale  with  thin  layers  of  Bryozoal  limf  stone 4 

13 — Bryozoal  limestone  with  some  shale 4  4 

22-Shale 2  2 

21 — Limestone  with  Bryozoa  and  Zvyoxpira 5 

20— Shale '. 1  2 

19 — Bryozoal  limestone 4 

18— Shale 10 

17  —Thin  layers  of  Bryozoal  limestone 1  9 

16-Shale 1  6 

15 — Two  four-inch  layers  of  Bryozoal  limestone 8 

14— Blue  shale 5  4 

13 — Bryozoal  limestone 6 

12 — Mostly  compact  Bryozoal  limestone 5 

11 — Coarse  crystalline  Bryozoal  limestone -,  10 

10 — Covered,  probably  shale 5  6 

9 — Limestone  and  shale.     Dahnanella 2  6 

8 — Layers  of  limestone  with  Dalmanella  Bryozoa,  etc 1 

7 — Covered,  probably  shale 2  2 

6 — Compact  limestone  with   Dalmandla.     Lower   part  consisting  of 

sandstone   8 

5 — Covered 6  6 

4 — Limestone  with  Bajinottiuina  (aa) 6  to  8 

3— Shale 5  (5 

2 — Dalmanrlla  layer 

1 — Covered  t(»  river  level 140 

Total  sec'tii.n 8S5 

The  P/at>/>frophitt  l)cds  are  to  be  seen  about  Mt.  Sterling  and  in  tiie  banks  of  the 
east  branch  iA  huliaii  Creek.  Tbey  rt-acb  the  bed  of  the  creek  two  miles  north- 
west of  the  former  j>iace.  In  tbe  bed  of  ibe  creek  just  west  of  Mt.  Sterling  the 
zone  of  DahiKiU'lla  is  expose<l  ami  extends  up  tbe  creek  for  a  mile  and  a  half. 
Here  it  is  succeedetl  by  ibe  Itafint.-iijuina  zone  an«l  tben  itv  tiie  Platif,-tntp/iia  zone,  as 
stated.  One  mile  nnrtbw«'st  of  Dennington  alnii;:  ibe  road  tbe  zone  of  llhimcho- 
trevia  rapa>  \^  exposed,  au<i  between  tbe  latter  place  ami  tbe  Pltit\jMruphia  zone  are 
abundant  exposurcH  of  tbe  upper  Z(»ne  of  Hafin's^piina.  Liir^v  collections  were 
obtained  from  all  of  these  zones  and  await  description  in  anotber  paj»er. 

The  ( )rd«»vi(iMn  and  Silurian  rocks  of  Ma<li>on,  .lell'er.Mon  County,  Indiana, 
have  for  many  years  been  the  subject  of  more  or  less  detailed  >tudy  by  geologists 
and  paleontologists.  Tbe  sections  of  tbe  Madi8(m  bill  in  tbe  railroad  cut  as 
given  by  Owen  and   Horden    are  certainly  far  from  being  accurate.     The  writer 

''(jcLsurv.  In<l.,  I'^Ti.E.T.Cox;  pp.  ItU  !♦>;. 
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obtained  from  Mr.  W.  B.  Blake,  engineer  of  the  P.,  C,  C.  &  St.  L,  Railway,  ac- 
currate  data  in  regard  to  the  per  cent,  of  grade,  length  and  depth  of  the  cuts,  and 
distance  between  same,  for  the  steep  Madison  hill  grade  of  the  road  above  men- 
tioned. The  elevation  of  the  terrace  upon  whicli  Madison  stands  is  approxi- 
mately 60  ft.  above  river  level,  and  the  elevation  of  North  Madison  above  Madi- 
son is  427  ft.  The  old  reservoir  at  the  south  end  of  the  big  cut  is  given  in  Bor- 
den^B  report  (loc.  cit.)  as  210 J  ft.  above  low  water  of  the  Ohio  River.  The  data 
given  me  by  Mr.  Blake  are  as  follows:  Grade,  five  and  eighty-nine  one-hundredihs 
per  cent.  (o.89'v);  distance  of  south  end  of  south  cut  from  low  water  mark  on 
north  side  of  Ohio  River,  2,700  ft.;  distance  through  south  cut,  800  ft. ;  distance 
from  north  end  of  houth  cut  to  south  end  of  north  cut,  1,100  ft.;  distance  thrt>ugh 
north  cut,  1,100  ft.;  besides  this  there  are  north  of  the  north  cut  about  1,500  ft.  of 
cut  in  places  40  ft.  deep.  The  maximum  depth  of  the  south  cut  is  60  ft.  and  of 
the  north  cut  100  ft.  The  section  which  follows  was  measured  independently  of 
these  figures  and  departed  very  little  from  them.  One  or  two  corrections  have 
been  made,  however,  in  accordance  with  the  above  data.  Section  of  the  cut  at 
Madison  iU-Vl  A.)  : 

Ft.       In. 

71 — Massive  whitish  limestone 10 

70— One  layer  of  bluish-white  limestone 5 

60— Thin-bedded  liuK^stone  like  Xo.  70 5 

68— Blue  shale 2  6 

67 — White  arenaceou.-*  limestone 3         10 

66  — Shaly  sandstone  and  shale S  3 

6o-- Massive  white  arenaceous  lime.-itone  (Niagara  ■ 2  6 

64  — From  a  tew  inches  to  nearly  a   foot  of    pinkish  or  yellowish  to 

salmon  colored  crystalline  limestone  (<^'linton?) 1 

63 — Massive  white  arenaceous  limestone 4  2 

62 — Thick-bedded  argillaceous  arenaceous  limestone 1)  S 

61 — Same  as  62,  but  banded  on  weathered  surface  with  pink,  gray,  and 

buff  ...,. . .' 12         10 

60  -One  massive  conspicuous  arenaceous  layer 3  (5 

»59 — Thin-bedded,  argillaceous,  arei»accous,  weathering  brownish,  with 

some  calcareous  layers  containing  Bryozoji 7 

58— Nothing  to  four  inches  of  coarse  limestone  with  Ordoviciau  fossils     .  .  4 

67— Sandstone  with  leuticles  of  limestone  containing  Bry(jzf)a 3 

56 — Argillaceous  layer.     Fmistdki  sfcHata   2 

55-Shale 6 

54-  Fon.<teUa  stelhiin 1  2 

53 — Thin  lay*»rs  of  limestone  alternating  with  argillaceous  and  sandy 

layers.     Bryozoa  (aa^.     Ixufineff/uina.     JLhcrtelia 5  3 

52 — Massive  soft  sandstone 7  8 
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Ft,       In, 

51 — Blue  fossil iferoiis  liuu'stone  shale  and  arenaceous  layers 6 

50 — Fine   shale    with    layers   of    limestone,    Rhiinchnircumy    He.hfruUa^ 

Montlriilipora,  (.^ih/nu'n* ,  linjlnrfujuina   10 

49 — Same  as  ')().     Strophomrna,  «SVr*7<^7a.s //<</,  Phrtamboniiea,  DalinanellOy 

Platif.'itrnp/iia  laficosta^  Amh(murhi<i   8 

48— Probably  shale  ami  thin  layt-rs  of  limestone;  covered  by  talus  ...     22 
47 — Heavy  layers  of  limestone  seen  in  the  »'»/  side  of  the  south  cut,  at 

the  lop. 
46 — Heavy  layers  of  limestone  seen  in  the  «a>7  side  of  the  fouth  cut,  at 

the  top. 

The  lowest  layers  in  the  big  cut  (north  cut  i  are  24  feet  above 

the  top  of  No.  4')  if  the  for)t  of  the  big  cut  be  taken  as  210  feet 

above  the  river.     Part  of  the  layers  of  No.  4(5  would  therefore 

be  repeated  in    lo.     Allowance  is  made  for  this  fact.     Nos.  40 

and  47  togither 24 

45 — Shale.     The  top  <»f  Xo.  45  is  at  the  culvert  just  north  of  the  south 

cut 10 

44 — Several  layers  of  limestone  wiih  Cuc/omcua,  Rofintstpnua,  Cahfinenef 

etc ' 1  2 

43 — Shaly  limestt)ne.      C'l/fh/ncina 2  8 

42 — Limestone.      Amdonhchvi^    C»n:l<.m*'m(.t,    Jiafinc-^fuinay    Mvntinilipora, 

Crinoids 2 

41 — Limestone  and  shale.     Ambtmychia 5 

40— Compact  close-grained  limest(»ne.     Jlufineftudna 3 

30 — Limestone  and  shale,     /i/f/o.^pini,  Ambuni/chia 2  4 

38 — Limestone.      Hdiiiiixjnina  edgewise  f aaa) 4 

37 — Argil!ac(M.u>  cdinjiacl  liim-stone.      I!>iniic.«niina G  ^ 

3G  — Limestone.      Kryn/oa (> 

35— Shaly  limestone 5  8 

34 — Lime!-t(nie 8 

3o--Shaly   limestone 2  8 

32 — Limestou"'.      Hii.nuftiiilnd,     Cnh,}/nney    Ilthiiftllti  {?i,    (lastropoda, 

liryozoa 8 

31   -Shale,  with  nciasional  'J-inch  to  3-inch  layers  of  limestone 10  8 

30 — Lime>lone.      Hai-io  .-.jnlud  tdgewi-e  i  aaa  i 3 

29 — Shaly     limestone.      llmin- ><('ili'(i     (  aa  ),     ModinlvpKls    (  aa  ),    Ztujo- 

.<j)int  .  aa    (1  9 

28  — Similar  lo  •_'•'. 4 

27— Shaly  lime-tone 1  4 

26 — Ulue  tine-graincd  liiiu-<tone.      /i/i/<isjn,(i  (aaa) 3 

25 — Shaly  ^Hlle^t«^lu•.      Haliiitsipiln'i,  etc     13 

24—  Very  c«»mpact  tine-grained  limestone  :  no  fossils {\ 

23 — Shale  and  limestone,  witli  excellently  jireserved  specimens  of   Ra- 

iiit'i"]'-iii(i  (aaj 4  2 
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Ft,        In, 
22 — Limestone,  with  top  of  lajer  composed  of  immense  numbers  of 

Zygoipira  modesta 3 

21 — Rather  coarse  shale 2 

20 — Lumpy,  shaly  limestone.     Amphus^  Bafinesquina 3 

19 — Coarse  to  fine-grained  barren  limestone 8 

18— Lumpy,  shaly  limestone.     Bafiiusfjutna  (aa),  Trilobites  (a),  Zygo- 

spirat  Streptelasma,  Brjozoa 12 

17— Limestone,  with  Bafinenquina,  Zygospira  (aa),  Bryozoa,  OrthocercLa.       5        10 

16— Shale,  with  thin  layers  of  limestone 1 

15 — Very  compact,  fine-grained  blue  barren  limestone 6 

14— Shale 8 

13 — Compact  limestone.     CcJymtnt,  Zygoapira,  etc 5 

12 — Limestone.     Calymene  (tiB)j  Bryozoa,  RafinesquinOf  Orthoceras 1  3 

11 — Shale,  with  thin  layers  of  limestone 3  8 

10— Thin  argillaceous  limestone  with  Colywene  and  Bryozoa  (a)   1 

9 — Massive  blue- limestone.     i^aA'/ie«7ta'na,  Trilobites,  Bryozoa 7 

8 — Limestone.     RajineAquinaj  Zygospira^  Bryozoa 2  9 

7 — Thin  argillaceous  yellow-spotted  limebtone.     Phiytitrophm^  Ileber- 

teUa.     Rofinesquifui^  Bryozoa 1 

6— Limestone.     Heberteila{a.ti)y  Itajincvquinanasutay  Platyastrophialynj .       1  2 

5 — Bryozoal  limestone 4 

4 — Covered,  probably  (-hale _ 1 

3 — Limestone  with  Trilobites,  Zygoi^inra,  etc 2 

2 — Coarse  crvRlulline  limefitone.     Hebertella 6 

1 — Covereil  to  river  level 62 

Total  section 357 

Number  7  of  this  section  represents  the  toi>  of  the  Platvstrophia  zone.  At 
Vevay  the  top  of  the  same  zone  is  358  feet  above  river  level,  and  at  Lawrencehurg 
about  300  feet.  The  Madison  section  afibnls  an  excellent  opportuniiy  to  study 
the  upper  Katinescjuina  zone.  It  is  in  the  upper  zone  that  this  f(»ssil  is  so  con- 
stantly asso(*iated  with  Zj/goxpira  modeMn  and  a  number  of  si)eoieh  of  Lamel- 
libranchs.     In  the  lower  zone  it  has  no  such  constant  associates. 

Section  along  Clifiy  creek  (^  1.12  B) : 

Ft.         In. 
22 — Limestone.       fl'ijincojuina,    Lamellibranchiata,   (Jaslropoda,   Crin- 

oids (> 

21 — Limestone  and  coarse  lumpy  shale 7  4 

20— Shale  and  limestone.     Top,  a  heavy  layer  of  limestone  with  con- 
spicuous wave-like  markings 21  4 

19 — Partly  covered,  but  represented  by  heavy  layers  of  limestone  in 

the  bank  ab«»ve  IS 1 1 

IS  -  Limestone  and  shale 14  4 

17 — Limestone.     Jiajirn'sqinjia  (aaa),  Hehertella 5 
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16 — Shale,  shaly  lime«5t(>ne,  some  thick  layers  of  limeptone.     RafineA- 

(fiiina,  Hry«»zoa,  Triiohites,  Xygospira  (aaa)  in  pome  layers 40 

15 — Heavy  layer  of  limestone 6 

14 — Shale  and  shaly  limestone.     Trilobites  (a^ 0           6 

13 — Limeptone.     lidiinc^ijuina,  Aaaphu.^,  Cah/mciuij  Plali/slrophia 8           & 

12— Mostly  shale 4         10 

11— Argillaceoim  compact  layer.     Trilobites,  Ciastropods 6 

10 — Shaly  limestone 2          9 

9 — Limestone  and  shale.     PlaOjsirophia.     Hebe.rttUa 3 

8 — Limestone.     P.  lyi\x  and  laticoMa.     llehvrtcUa 3          6 

7 — Covered 10 

(> — Limestone,  more  shaly  than  o.     HtbtrteUa  (f<»rm  with  dorsal  fold), 

P.  lynx  and  hitico^ta 3 

5 — Same  as  4  but  P.  laticoMa  more  abundant 3         10 

4— Thin  shaly  limestone.     Jlcbrrtrlla 1           2 

3 — Thin  shaly  limestone.      HebertcUa^  P.  laficoxfa,  Mont icvlipora  (fin) .  1 
2 — Thin  shaly   limestone.     P.  hmx  (aa),  laticonta  (a),  Hebertella  occi- 

denf<ilii<  (o)  Trilobites,  MonticuHpora 1 

1 — Covered  to  river  level 45 

Total  section 198 

This  section  shows  some  30  feet  more  of  the  Platystrophia  beds  than  the 
Madison  section  ;  otherwise  it  is  the  same  in  the  main  as  the  basal  part  of  that 
section. 

P.  lynj'  is  here  abundant  in  the  lower  layers  and  laticofia  in  the  upper  layers. 

From  the  detailed  sections  now  described  of  the  Ordovician  rocks  of  Indiana 
it  will  at  once  be  seen  that  there  are  certain  well-defined  faunal  zones  which  may 
be  traced  without  fail  over  the  whole  area.  It  has  lon^i:  been  known  that  the 
rone  characterized  by  the  presence  in  abundance  of  P/atyMrophiay  forms  a  well- 
marked  and  persistent  stratum  ;  but  ajiparently  the  other  zones,  if  recognized  at 
all,  have  been  minimized  in  importance.  Any  one  of  them  is  however  as  per- 
sistent and  as  easily  traced  as  the  Platystrophia  zone. 

These  zones  are  in  ascending  order  as  f<»llows  (the  thickness  is  given  in  pa- 
rentheses): 

1 — Dal  mane  II  a  multist-cta  (200-240  feet). 

2 — Rafinesquiiia  allernata    oO-TO  feet). 

3— Platystropliia  ((>0-80  feet). 

4 — Rafinesftpiina  altornata  var.  fracta  (100  iVet    -  i 

5— Dal  mantilla  Meeki  (20  feet    ■  ). 

6 — Strei>telasma. 

7— Strophomena  (10  feet       ). 

8~Rhynchotrema  capax  (10  feet       ). 


216 

Some  Developmental  Stages  of  Orthothetes  Minutus  X.  Sp. 

By  Edgar  R.  Cuminos. 

The  specimens  discussed  in  tliis  paper  arc  from  tlie  ai)findoneil  quarry 
known  as  the  Cleveland  Stone  Company's  quarry,  located  one  mile  north 
of  HaiTodsburg,  Monroe  County,  Indiana.  This  quarry  is  in  the  so-called 
Bedford  limestone,  and  the  specimens  come  from  the  top  of  the  quarry— 
and  also  from  near  the  summit  of  the  formation.  Tliey  are,  so  far  as  I 
can  ascertain  without  havinp  seen  the  orijs?inal  specimens  of  Hall,*  specili- 
cally  the  same  as  Si>erf?en  hill  forms  referrc^l  by  the  latter  jxontleman  to 
the  Orthis  (Terebratulites)  umbra culum  of  Schlotheim.t 

I)f»s«ription  of  tlie  shell: 

Shell  semiovate  to  subquadrale  in  old  individuals:  hinjre  line  usually 
less  tlian  tlie  greatest  Avidtli  of  the  shell,  espe<'ially  in  younj?  individuals; 
canUnal  extremities  fr.rminpr  an  obtuse,  or  snmerimes  a  ri;:ht  anjrle  with 
the  lateral  margins.  Surface  finely  plieated:  plications  increasing  toward 
the  margin  by  interstitial  additi«>n.  C^rests  of  tlie  plications  crenulated  by 
ecpially  si)a<ed  tine  concontric  lines. 

Ventral  valve  roncave  with  a  pronounced  tendency  to  irregular  growth 
about  the  ]>eak.  In  mature  individuals  the  beak  becomes  stronjrly  rcnrorse 
and  is  greatly  elevated,  equaling  in  height  one-half  the  lontrtli  of  the  shell. 
Area  well  dolined,  Hat.  showing  in  well  r>r«'S(M*vcd  specimens  a  low  ridge 
on  each  side  of  the  prominent  deliidium  and  p:irallel  with  its  margins. 
Tlie  younger  specimens  seem  to  show  a  perforation  at  the  apex  of  the 
<leltidium. 

Dorsal  valve  regularly  convex,  greatest  elevatiim  about  one-third  of 
the  way  from  the  beak  to  the  front  margin,  though  tlnu'e  is  c<Misiderable 
variation  in  this  resi)ect  in  shells  of  ditferent  age.  Usually  some  tlattening 
at  the  cardinal  extremities.  Area  very  narrow  or  usually  scarcely  at  all 
conspicuous. 

Interior  of  the  ventral  valve  showing  rather  prominent  teeth,  which 
diverge  widely.    Cardinal  process  in  the  dorsal  valve  elevated.  proJe<^ting 

*A<'tinjr  uinler  the  iinpre?sit»n  that  pome  of  tho  orisrinnl  Fuecimons  of  Hall  were  in  the 
Albany  Mupeum,  the  writer  fent  si  number  of  ?|»e<*imcns  of  the  form  under  consMeration  to 
Dr.  John  M,  Clarke  to  compare  with  Hall's  i»|»eriinens*.  >Vhile  owing  to  the  fnet  tljnt  Hall's 
specimens  are  not  at  Albany,  Dr.  Clarke  <'oul<l  n«>t  make  the  compari.'i'on,  nevertheless  he 
gives  it  as  hi? opinion  that  the  two  are  prnhahfu  identical. 

IPetrefk.  I,  -><):  Schnurr,  Brachiop.  der  Kif*:f  21n;  Bronn  Leth:va  Geop.  I,  Mn].  tfeo 
Hall,  Trans.  Alb.  Inst.  4,  p.  12. 
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«oiii<nvliat  boyond  the  hinge  line;  notch  shallow,  the  grooves  on  the 
posterior  faces  of  the  apopnyses  very  faint. 

Katio  of  breadth  tu  lenjrth  in  an  average  adult  specimen  about  as  11 
to  S. 

This  sptK'ios  can  not  be  refern'd  to  tlie  0.  (Tvtrhratulitvs)  umbracttlum 
of  ^^chlot!leinK  from  wliich  it  differs  in  the  less  length  of  the  hinge  line, 
fewer  number  of  plications,  greater  proportionate  height  of  the  area, 
which  in  the  pres(Mit  species  tends  to  become  strongly  retrorse  in  mature 
individuals,  and  the  subquadrate  ratlier  than  semicircular  outline  of  the 
shells.  Tlio  ligures  of  S<'hlolli(Mm's  sp/coies  also  show  it  to  possess  a 
strongly  qna<lrilnbate  cardinal  process,  while  in  the  present  form  the 
notch  in  the  process  is  very  shallow  and  the  groovers  very  faint. 

The  species  to  some  extent  resembles  O.  Inis,  from  which  it  differs 
in  the  form  of  the  cardinal  process  and  in  the  greater  jjroportionate  length 
of  the  latter. 

Ih'velopmeiit.-  In  the  search  for  specimens  of  this  rather  rare  species 
(about  oO  si)ecimens  were  found  among  scleral  thousand  of  the  common 
Siiergen  hill  fornisi  a  nnnd»er  of  very  yomig  stages  was  obtained.  While 
c\  en  the  adult  iiidi\idiiMls  si. are  in  the  general  stunting  so  chara<*teristic 
of  tlic  entire  Spej'^en  hill  faima.  iu»  <-omplete  specimen  in  the  writer's 
<-ollection  Imving  .i  lei^gth  of  more  than  r»mm.*  nevertheless  th«'se  larger 
individuals  incseni  the  usual  features  of  maturity. 

The  smallc^l  individual  observed  has  a  breadth  of  .thnm  and  a  length 
of  .('.mm.  In  \\\\<  si.ecinicn  th<»  ventral  valv(»  is  routrhly  conical,  though 
slightly  nimi'  cuiiNrx  lowju'd  the  l-eak.  which  jtrojects  over  the  hinge  line 
and  is  very  iir.>iiiiiic!ii.  The  surface  shows  18  plications  ns  airainst  40  in 
the  largest  iiidivi<lunl  ol'sei-ved.  while  the  posterior  third  of  the  shell  is 
without  surf.H-.'  (iniaineiitation  except  a  f<»\v  obscure  concentric  markings. 
The  area  is  hiiili  niid  the  •ieltitlium  less  sharply  marked  olT  from  it  than 
in  the  (»lrlei'  siteciniriis.  The  dorsal  valve  has  its  greatest  convexity  at  the 
center  ami  is  nlso  smooth  for  a  ccuisiderable  distan<-e  from  the  beak. 
It  shows  no  si::ii  «if  an  ;irea. 

Individu;ils  of  the  length  of  i!mm  have  the  area  perpendicidar  to  the 
plane  of  sei)araii(»n  of  the  valv<^s.  and  the  ventral  valve  showing  a  slight 
concavity  toward  the  front.     The  number  of  plications  also  has  increased 

■^Sinoc  thr  iihnvc  w.is  written,  the  author  Ii;i.- fouml  nt  Stincsville,  Monrro  C«»unty,  In- 
iliana,  -|ie<-ini«  ns  of  this  ^pe'MC-  over  one  inch  in  broadth,  hut  agre<^inif  in  all  essential 
featur.s  with  the  .I'lult  spociniens  •les'cribeil  hero. 

15— A.  OF  SriKNCE. 
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to  22  or  23.  anil  the  rojrion  of  greatest  convexity  in  the  dorsal  valve  ha» 
approached,  somewhat,  the  beali.  The  younjrest  individual  is  conspicu- 
ously shorter  on  the  hinjje  line  than  farther  forward.  In  fact  it  in  every 
respect  approaches  the  generalized  type  of  Brachioi>()d  shell,  as  Beecher 
&  Clarke  have  shown  to  be  the  case  in  the  species  of  the  Waldron  fauna.* 


The  Colp-Bloudei)  Veutkhrates  of  Winona  Lake  and  Vicinity.t 
Bv  Karl  E.  Kamsey. 

Winona  Lake  is  hx-attnl  in  sections  15,  IG.  17,  21  and  22  of  Township 
32  north.  Range  G  east,  in  Kosciusko  County,  Indiaina.  The  main  body  of 
the  lake  is  about  one  mile  southeast  of  Warsaw.  It  is  one  of  the  series 
of  lakes  belonging  to  the  Mississippi  drainage  system  and  is  drained  inta 
the  Tippecanoe  River.  It  lies  about  six  miles  south  of  the  waterslied 
between  the  St.  Lawrence  and  the  Mississippi  basins. 

The  lake  is  irregular  in  outline  and  has  an  area  of  0.08  square  miles. 
The  greatest  length  is  from  north  to  south  and  is  somewhat  more  than 
one  mile.  The  average  width  is  about  five-eighths  of  a  mile.  The  great- 
est depth  is  SI  feet. 

The  lake,  like  all  the  small  lakes  of  northern  Indiana,  is  of  glacial 
origin.  The  catchment  basin  is  large  as  compared  with  the  size  of  the 
lake  itself.  I'uusually  heavy  rains  cliange  the  lake  level  as  much  as  two 
to  two  and  one-lialf  feet.  The  tributary  streams  are  three  in  number. 
The  largest  is  Cherry  Creek,  wliich  tlows  into  the  lake  on  the  southeast. 
For  tlie  most  part  it  flows  througli  woodland.  Two  other  streams,  the 
larger  of  whirli  is  Clear  Creek,  enter  the  lake  at  its  extreme  southern 
j)art.  The  output  of  Clear  Creek  is  nearly  as  nnu^h  as  that  oi  Cherry 
Creek.  Numerous  springs  on  the  Winona  Assembly  grounds  drain  into 
the  lake.  Lands  lying  to  the  north  are  drained  into  Pike  Lake  and  Center 
Lake.  l)otli  of  which  lie  about  one  mile  northwest  of  Winona  Lake. 

The  outlet  is  situated  at  the  southern  part  of  a  small  bay  connect- 
ing with  the  main  lake  on  the  northwest.  It  empties  into  Tippecanoe 
River  at  a  point  about  one  mile  northwest  of  Warsaw. 

The  sliore  line,  for  the  most  i)art.  is  low.  On  tlie  north,  a  small 
stretrh  of  cultivated  land  rises  ra]»idly  to  a  ten-foot  elevation  line.  The 
Win<»na  Assembly  grounds  on  the  east  have  the  greatest  elevation.     This 


•Mcinoirp  of  tlio  N.  Y.Sta^c  Museum,  Vol.  I,  No.  1. 

tC(»ntriljution.s  from  the  Zonlogiful  L;ilioratory  of  the  Indiana  lInivcrfiity,C.  H.Eigren- 
mann,  Dire«'tor,  No.  3*J. 
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elevation  Is  from  teu  to  fifty  rods  back  from  the  lake.  The  other  i>artB 
of  the  ground  lie  below  a  ten-foot  line.  The  south  shore  is  uniformly  low 
and  swampy.  On  the  west,  an  abrupt  raise  is  found  at  Yarnelle's  Land- 
ing. To  the  north  of  the  landing,  the  shore  is  low.  and  the  elevation  grad- 
ual. Natural  woodland  is  found  at  Yarnelle's.  at  the  outlets  of  both  Clear 
<'reek  and  Clierry  Creek  and  on  the  Assemldy  grounds. 


Tlie  shor<s  nrr  .-ibout  iMjually  divideil  between  sand  and  turf  forma- 
tion. A  peninsula  i'\t«Mi(ling  into  the  lake  from  the  Winona  grounds  is  of 
turf.  On  tlit'  south  a  ;rn'at  i»art  of  the  sliore.  as  wrll  as  the  shore  of  the 
bay  on  tlie  wost  of  tho  main  lakr.  is  of  sucli  a  formation.  Other  parts  are 
.samiy.  In  a  mMi«'r:il  way.  tliat  iiart  of  tlie  lan<l  wliirli  lias  lately  been  re- 
<-lainM'd  lioni  tIm'  laiio  lias  a  cijast  line  fornnMl  of  d«M-ayed  i>lant  lif<^ — turf. 

Hy  rofcriMM-e  to  tin*  map  t»f  KaL^le  Lakf  niow  Winona  Lake)  prepareil 
by  the  T'.  JS.  Snrvj'v  In  is:w,  it  will  bo  seon  that  Die  lake  was  considerably 
larirer  at  that  lime  than  now.  The  dilTerenre  in  the  lako  has  been  brcmght 
about,  lirst  l»y  drrdirinir  tlio  outlet  channel  and  lowcrinu:  the  level  of  the 
lako:  sornnd.  l»y  tl.r  rmroMrlinu'nt  of  plant  life  upon  iho  lake  proper,  and 
the  luxuriant  |.lant  lifo  on  th«'  land  partially  di-ii'd  by  lowering  the  lake 
b'vol.  As  noted  inrtlier  on.  the  plant  lite  of  the  lake  is  abun«lant.  The 
dense  banks  of  Sclrpus.  Nuphar,  etc..  tend  to  colleet  material  that  may 
float  into  them,  ami  tliey  also  eontribute  their  own  uM-owth  to  the  forma- 
tion of  new  lake  bottom.  A  third  airency  whieh  has  a«-led  in  some  parts 
of  the  lake  notably  the  southiTii  i)art— is  that  of  the  iei'.  AVith  tin*  lower- 
in  of  the  lake  level,  stretches  of  lake  bottom  were  left  barely  covered  by 
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water  and  were  in  most  cafi^es  separated  from  the  land  by  deeper  water. 
As  the  ice  fornieil,  it  pushed  tlie  ground  lii^flier  on  tliese  slialh>w  places. 
The  ice  cracks  in  excessively  cold  weather,  the  crarks  till  with  wnier  and 
freeze  again.  This  crowds  the  ice  and  the  substratum  of  earth  still  far- 
ther shoreward.  Very  much  of  the  south  shore  of  tLe  lake  sIioavs  such  a 
formation.  The  ice-beach  near  the  outlet  of  Clear  Creek  is  at  lenst  thirty 
inches  above  lake  level  and  separates  a  dense  swamp  from  tlie  lake.  In 
this  swamp  thus  isolated  from  the  main  lake,  the  senii-aciuatic  i)lants 
readily  establish  themselves  and  thus  llnally  re<-laim  the  swamp  land. 

The  plant  life  in  the  lake  is  abundant.  A  bank  of  Scirpus  iM*actically 
encircles  the  lake.  Nuphar,  Nymphaea,  Typha.  Potamogeton.  Ceratophyl- 
lum  and  Cbara  are  also  abundant.  The  outlet  is  now  entirely  "overgrown'' 
by  Nuiihar,  Xymphaea,  Typha  and  Scirpus  arrange<l  in  water  zones. 

The  average  temperature  of  the  water  from  July  <»  to  August  '2:\.  ISI^O. 
at  a  deiith  of  t>>o  feet,  was  80°:  the  air  temperature  for  the  same  time 
was  Sl.5^.  The  deep  water  of  the  lake  marked  4V  and  was,  of  eourse, 
subject  to  no  diurnal  changes,  nor  even  to  any  considerable  seasonal  vari- 
ation. The  prevailing  win<ls  <luring  the  summer  months  are  wost  to 
.*«outhwest. 

THK  FISFIFS. 

The  nundier  of  species  of  lishes  thus  far  secured  is  forty-one.  Con- 
si<lering  the  great  variety  of  physical  ciuiditions.  the  number  of  spe<'ies  is 
small.  But  the  nundier  of  individuals  in  each  speries  is  mu<-]i  more  disap- 
pointing. The  scarcity  of  the  larger  f<JOd  fishes  is  due  to  the  gr«'ar  amount 
of  tishing  in  the  lake.  liut  the  scarcity  of  the  smaller  fishes,  the  Cypri- 
nida<\  many  sp«'cies  of  the  Darters,  Labidesthes,  etc.,  is  not  accounted  for 
In  this  way. 

To  show  the  relative  nund)ers  of  a  very  common  form  which  serves 
as  fcKJil  for  the  larger  s])ecies.  I  may  take  the  Labidestlu^s  sicciUu>.  As 
many  as  a  gallon  of  this  form  may  be  secured  in  either  Turkey  Lake  or 
Tipi»ecan(»e  Lake  at  a  single  h.aid  of  the  seine.  X<»t  more  than  tin-ee  or 
four  d(»zen  were  securi'd  in  AVinona  Lake  during  the  entir(»  summer.  This 
fact  in  itself  will  partially  account  for  t\w  si-arcity  of  tlie  larger  food 
lishes.  The  same  relative  i>roportions  are  true  of  many  other  f(»rms.  The 
following  list  gives  the  s])e<ies  and  locality  from  which  they  were  se- 
cure«l.    The  column  marked  <N)*  gives  some  notion  of  the  relative  alnmd- 


'  Id  j'«»nn.'  (•:i»cJ»  the  number  of  specimens  collected  is  marked:  (  t)  indi^-atos  that  the 
!<pecie8  is  abundant;  (•),  not  so  abundant ;  (— ),butfew. 


ance.  Thirroou  families  arc*  ro[)roseiite(l  and  thirty-three  geuera.  The  t& 
ill  the  otiier  <.•(»!  in  mis  iiulicate  the  Uu-alities  in  whiclj  the  various  species 
are  ft»nn«l. 


SPECIES.  iT  i      ,  .   ?i 


Laiiipetra  wihleri,  (iage j. .  .....  j  i.  .'  1 

LepisosteUv**  os.seiis  i  L) | .  .  ..+'..  . .    1 

I..epis(isteu8  plaluBloimis,  Kaliiiei-ciue ■.  .  .       -,. .  j.  .'X 

Aiuia  calva,  L |. .  .  .,^  I. .  . .  — 

Ameiunis  luOiulcsiis  i,  Le  J^ueiir) . .  . .    r  i . .  i . .  V 

Anieiurns  nu'ias  (  KuliuL'.s(iiK'j I I  -   ..2 

Schilbeodej*  gyrinus  (Miicliiil) I jr  ..3 

Carpiodes  ( Sp )  ^ j . .  . .   4- 1  ♦-  ...  2 

Calostiiinus  nitjricans,  I.e  Siiciir [-'•-  ■-{-    '-!•..,  v 

Catostoriius  cimiiiier^oni  (  Lac^prde) I .  .    '    .  .  i .  .  . . . — 

Krirnyz(»n  siiretia  (»l)longii.s  i  .Miicliill) | -|    .  .j>. 

Minytreina  nielaiioj)^  I  Karine><iiit': i .  .    )-  .  .  I. .  . .    1 

Canipostcnna  aMoiiialiini  (Hali^o^^lUe) •    -:    -j- 

Pinie|)liales  nolatns  ( HaliueMiue) •    ..-•-..  . .    •■ 

Notropis  whiiiplei  (<  Jirarii  i :    .  .  ^-^-    -  . .  -f- 

Notropis  roinuijK  ;  M  iitliill ) -i    .  . : .  .  --»    .  .    • 

Hybopsis  kontuckuii'^is  i  Kafim*s<iue) •    -j  ■ — 

Seiiiotihis  airoiiiJH  iilaiMs  (  Miicliill ! \-\-    •  ■■ . .  -^    .  .  ~~ 

AbraiiiiK  crysdlemiis  ^Miicliill) j.  .   .  .    -  .  .  .  .  X 

Umbra  liini  ( Iviiilaiul) - ,.  .   5 

LiR'iiKH  verniiculatii'i  ( I.e  Sneiir) *-  . .         ^-  , .  \ 

Fiin(hilus  tiotaius  <.  IJat'HU*h«jue) -  ....  -j- 

Fiindtihi'*  (linpar  i  Agassi/ • i •    . .  — 

Labi(leslh^*^^  .sicciilu^  i  <  Dp**  i -  . .  -^   •    .  .  — 

Poiuoxi.s  sparnidfs  (  I/k  i'|tr(U') .  .  .  .    1-  .  .  .  .    I 

'  Anil)l<)plilCN  nipr^tris  ;  Kaline>«in4')   .  .    ■■■-•'•■  -i-. 

Cba'iu>bryitu>  ^miIosus    (  iiv.  and  \'al. ) -    .  .    ' —    .  .  >' 

I^iepoinis  pallidum  (  Mitchi  11  ■ ,  ■;    .  .    •-  4  '  --  4- 

Lepoinis  in«*;^Ml(»ti^  •  l\atiiu-.-«|ne.) ' .  .  ^  -;- 

Eii{>omoti'i  ^il)b«>sim  i  Liiina«Misi i-f    .  .    ;    -f    .  .    •:. 

Micri»])tern»<  dcdoinieu  l.ai'i  .'df ;-  5 

Microplenis  ^aliMoidt^s  (  l.a<'«'pr-df '■ ..    •    ^    -^  -;■ 

Perciiia  «'a|)r«»dt'H  (Katim*>«iue) •    . .        .  .    ' 

Hadniptenis  as[ir<>  i (  npc^  and  Jordan) •    . .  -■    .  .  —    I^ 

Bolen^oina  nigrniii     Kat"Mu*f^<|nt') -{-'  '      ■     t-  -■ 

nipli^Mion  b|i-nninidt'>  Ilatinrvjpie -   '2 

Ellieostonia  low;- .  Jurdan  and  Met'k .......  — 

Etlieostonia  I'mTulf  inn.  Storer 

Mienjfjorra  punclnlata,  Putnam r    .  .  — 

Perca  llavfsct'ns  •  Mitrbill) ..-         ..    • 

Cotlus  ir'talops  ■  liafinoqiu-) -!    . .        •  •  "i 

•Twi.  liiruM*  sinMiin<n.-  taken  \»y  lij»h«?rmeii  wore  ?ecn.    The  ?pocioe  w>m  probaiily  C. 
Velifcr  il^»Hnof|U«f  ,  hut  no  |'i'.<itive  ifbjutitication  further  than  genus  could  be  made. 
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BATPACHIANS. 

This  group  is  represented  by  but  few  species. 

1.  Necturus  maculosus  (Ilaflnesque).     Three  or  four  specimens  were 
found  by  workmen  who  were  deepening  the  channel  of  Cherry  Creek. 

2.  Bufo  lentiginosus  americanus  (Le  Conte). 

3.  Acris  gryllus  gryllus  (Le  Conte). 

4.  Acris  gryllus  crepitans  (Baird). 

3.    Ilyla  versicolor  (Le  Conte).    But  two  specimens  of  this  interesting 
little  animal  were  taken. 

().    Kana  pipiens  Kalni.    Phis  is  the  most  abundant  of  the  frogs. 

7.  Kana  chunitans  Latreille.    The  individuals  of  this  species  are  nearly 
as  numerous  as  those  of  R.  pipiens. 

8.  Rana  catesbeana  Sliaw.    But  one  or  two  specimens  found. 


SNAKES. 

VAiiht  sperios  of  snakes  have  been  found: 

1.    Storeria   dckayi   (Ilolbrooki.  is  rare. 

•J.  Clonopljis  kirtlandi  (KcnnioottK  Only  two  or  throo  siMM-iinms  wore 
taken. 

o.  Two  varieties  of  tlio  part  or  snako.  Tiianniophis  sirtalis  p:iri«*tali3 
(Sayi.  and  Tlianinopliis  siilalis  sirtalis  L.,  wore  taken.  This  snako  is  the 
most  abundant  of  the  forms  found  in  this  locality.  On  July  10.  a  fmiale 
bearing  thirty-one  well  developed  embryos  was  killed.  On  Auirust  5,  one 
kept  in  a  pen  gave  biilh  to  young.  The  number  of  young  could  not  be 
ascertained. 

4.  Regina  leberis  (L.).  The  leather  snake  is  abundant.  It  is  third  in 
this  locality  In  point  of  number.  On  August  12,  1899,  a  gravid  female 
was  found  having  ten  well  developed  embryos.  Its  haunts  are  along 
creeks. 

5.  Natrix  sipedon  (L.).  This  species  is  plentiful.  On  July  23,  1900. 
a  female  containing  twenty-six  embryos  was  killed.  The  water  snake  is 
a  swami>-lovlng  form,  and  is  of  a  sullen  and  vicious  disposition. 


G.  The  blue  raver.  Basiennion  ooiistrietor  (L)  is  the  largest  snake  in 
this  loeality.  and  is  eoniparatively  abundant.  AVhen  eapturetl  and  put 
in  a  pen.  it  soon  lames  and  seems  to  take  delight  in  being  handled.  Its 
Diovemenis  and  sliape  are  i)eculiarly  graceful.  Its  food  consists  of  frogs, 
garter  snakes,  etc.  A  specimen  forty-two  inches  long  swallowed  a  gar- 
ter snake  twenty-eight  inches  long.  I  have  known  it  to  lay  its  eggs  about 
the  middle  of  June,  and  have  found  the  young  hatching  about  the  middle 
of  Septendier.  Its  egg-laying  habit  is  worthy  of  note.  One  specimen  se- 
lected the  soft  ground  between  two  rows  of  potatoes  and  pushed  her  way 
under  the  ground.  As  slie  crawled  along  in  this  underground  passage, 
the  eggs,  twenty-two  in  number,  were  laid  in  the  channel  which  her  body 
had  made.  Another  laid  her  eggs  in  the  hollow  root  of  a  half  decayed 
stump.  The  eggs  are  white  in  color,  and  about  one  inch  in  length, 
and  have  a  uniform  diameter  of  onc-lialf  inch.  The  soft  shell  is  so  tough 
that  it  will  sustain  a  Aveight  of  more  than  one  hunilrtKl  i>ounds  without 
breaking.  Tlie  young,  when  lirst  hatched,  are  seven  or  eight  inches  in 
length.  The  lirst  action  when  the  little  head  is  thrust  through  the  shell 
is  to  stick  out  its  tongue.  The  blue  racer  freciuents  the  woods  or  high 
grass  and  weeds. 

7.  Lampropeltis  doliatus  triangulus  (Boie)  is  found  rarely. 

8.  Sistrurus  catenatus  (Kafinesque)  is  second  in  point  of  numbers. 
The  garter  snake  is  more  plentiful  than  the  prairit*- rattler.  During  the 
summer  of  1800  eleven  specimens  were  caught,  and  nine  were  taken  dur- 
ing the  following  summer.  Tliey  are  usually  found  in  low  laud  and  run 
but  little  during  the  day  unless  disturbed.  Nothing  was  learned  c(inceru- 
ing  their  f(KKl,  since  tliey  persistently  refused  to  eat  when  kept  in  confine- 
ment. A  female  kept  in  a  pen  gave  birth  to  sc^ven  young  on  August  13. 
Several  of  the  little  ones  were  kejit  in  a  glass  atiuarlum  for  a  time.  On 
August  17  they  drank  drops  of  water  from  a  pipette  and  ate  a  few  small 
bits  of  fresh  meat.  Three  <lays  later  they  began  their  first  moult.  They 
were  about  eight  and  one-half  inches  long  at  birth.  A  case  was  reported 
to  me  in  whicli  thirteen  young  were  born.  Tlie  adults  are  inoffensive  and 
move  slowly.  They  are  easily  captmvd  by  means  of  a  noose  slipptKl  over 
their  heads  or  by  an  inse<'t  net. 
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TURTLES. 

The  land  and  water  forms  together  number  eight  species.  Of  these 
the  soft-slielled  turtle,  the  speckled  tortoise,  Blanding's  tortoise  and  the 
box  tortoise  are  rare.  Even  the  commoner  species  are  not  very  abundant. 
No  more  than  two  dozen  eggs  were  found.  They  were  of  the  Aromochelys 
odoratus  (Latreille).  and  were  laid  in  heaps  of  debris  which  had  been 
washed  up  along  the  shore.    The  si)ecies  are  as  follows: 

1.  Aspidonectes  spinifer  (I.e  Sueur). 

2.  Chelydra  serpentina  (L.). 

3.  Aromochelys  odoratus  (Latreille). 

4.  Graptemys  geographicus  (Le  Sueur). 

5.  Chryscmys  marginata  (Agassiz). 
0.    C'lemmys  guttatus  (Schneider). 

7.  Emydoidea  blandingi  (llolbrook). 

8.  Terrapene  Carolina  (I-..). 


1  d«»sire  to  arknowh'dge  the  helpful  suggestions  of  Dv.  (\  ll.  Eigen- 
mann  in  the  preparation  of  this  brief  report.  Dr.  S.  K.  Meek  has  also 
kindly  aid(Ml  me  in  i»rei>arin£r  a  parlinl  catalogue  of  the  lishos.  and  lias 
mapped  out  (he  ^:eneral  plan  of  the  paper. 
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Apparatus,  new,  f<»r  vegetable  physiology, 
\M.  «*,2. 

A«iu»ti<'  animalculae  in  new  stations.  'W, 
271. 

Archa^(dogical  discoveries,  '91.  26.  93. 

Ar<'h«ol<»gical  ninp  making,  '92.55. 

Archccologicnl  niethotl.s.  *yl.  WS. 

Archii'ological  research.  '91.  2t). 

Archegoniuin  of  Pinus.  '91.79. 

Archegonium  of  Tsuga.  '91.  79» 

Ardctt  egretta.  '91.  l«i.i. 

Argynnis  diana.  '91.  19:  '92.  85. 

Arizona  plants.  '91.28. 

Arizona  plant  zones,  '91,  25. 

Arkansas.  '91. 15. 

Arkansas,  induration  of  tertiary  rocks  in, 
'93,  219. 

Arkansas,  relief  map  of.  '95.  5«). 

Aromatic  chlorides,  certain  actiun  of  potas- 
sium sulf  hydrate  upon,  'it4,  52. 

Arsenic,  absorption  of  by  dead  tissnes.  *9.'i, 
2i*.8. 

Arthropods.  '91,  24. 

Arthur. .I.e.. '91.97;  •^♦2.  2'. 46. 50;  '93.205:  '91. 
02.  i:W;  •9'>.10<.»;  '96.214;  '97. 15»>;  'yS.  174;  '00. 
131. 


Ascomycetcs.  '93.  ^X^. 
Ashley,  George  11..  '97,244. 
Ash  of  trees,  '93,  239. 
Ash,  the  blue,  range  of,  '91, 107. 
A!<pergillu8  oryzae.  'tW.  iKi). 
Aspre<linidae.  on  the  presence  of  an  opercu- 
■  lum  in,  '91,  175. 
Aster.  '91,  25. 

Astronomical  study  in  Indiana.  '91,24. 
Atkinson.  Curtis,  '95.  258. 
Autographic  method  of  testing  the  magnetic 

qualities  of  iron.  '\W.  269. 
Automatic  repeater.  '91,  34. 
Auxanonioter.  '92,  4«>. 
Atcleopterus  tarsal  is,  '92.  91. 
Atmospheric  electricity.  '91.  2ii. 
Atomic  weight  of  oxygen.  '91.  27. 

BACTEKIA  AND  (JRAPK  .SUOAU,  '95,85. 

Bacteria  culture,  '91. 15. 

Bacteria,   description    of  t-ertain,  obtained 

from  nodules  of  leguminous  plants, 'oO,  157. 
Bacterial  <li«cases.  injects  in  spread  of,  '9i^ 

68. 
Bacterial  diseases  of  sugar-l)eet  root,  '91,92. 
Ba«rteriological  flora  in  stables,  '96, 172. 
Baker,  A.  I.., '98, 101. 
Baker,P.S., '91,5:5;  '92.169:  '93. -268. 
Boll,  T.  II.,  '91,  .>4;  '96,  72,73;  '117,240;  '9S, 

227;  '<)0, 16.5. 
Ball  and  roller  bearings,  tests  on,  '9'.».  77. 
Ball  bearings,  some  tests  on,  '*.^.  SO. 
Ballard,  H.  II.,  '93,266;  '94,51. 
Bamberger.  E..  '91.58. 
Barrett,  .r.  .M., '9.>,  1(U. 
Bascanion   <'«»nstrii*tor,  breeding  habits  of, 

'91,100,119,120. 
Bascanion.  new  species  (»f,  '97,  2«>4. 
Basidiomyfetes,  '93,  4X. 
Batraihians  an<l  reptiles  of  Wabash  County, 

'•.»4,S0. 
Batrachia  of  Turkey  Lake,  '95.258. 
Bearing-testing  dynamometer,  'i'9,  8^. 
Bedford  limestone.  '96.68. 
Beeson,(\  H.,  "93,68, 7r>. 
Beet-root,  diseases  of,  '91,92. 
Bennctt,L.F., '97,258;  'i«.  283  ;  '9iM6l. 
Benton,  (J.  W.,  '94,  43;  IVi,  90 ;  '96,  63;  '98, 

62. 
Benzoin,  conden.sation  with  acetone,  '91,47. 
Benzofn,  hydrazones  of,  '93,266. 
Beta-nitro-para-t(duie  acid,  '91,27. 
Bibli<igraphy,  botany,  '93, 2t). 
Bibli(»graphy,  fishes,  '93,71. 
Bibliography,  geology,  '93, 156. 
Bibliography  of  Locustidae,  '^^2,94. 
Bibliography,  mammals,  '93, 1*20. 


Bil)li<>(rrai>hy,  inollii^in.  '*.''>,  14-*.  IJlis^us  I^'ucoptorus.  'i»2.  Si). 

Bililii>frraphy.  i»rnith«»lt»tfy.  ''••i,  1<W.  IJlooil  o«>ri>u.'«rl«*s  of  very  yoiinK  human  cm- 

Kicyrlc  whtM'l  a*  :i  pyrii''<n|)o,  '(«». i'l.  Iiryo.  ''.U.  l.V^. 

Ris?iiey,  A.  J.,  '^'1.  l.')!  :  '\H.  l.U,  V.V^ :  '".X^,  Hn'»,  lUou.l  -iinises.  in  n-ptilian  IhmuI.  ''M,  2-JS. 

llW;   '«.»).  1*74:   'l»H.  VJ.  IJlooil  stu.lifs.  fnrnialin  as?  rontfont  in,  "IH, 

Biolojrifa!  j'tatiMn-,  *'.»1. 1««.  172.  2-J-J. 

Bioloirical  .station, ;i  luMv.nn.l  it*  aim,  *'.U,:V4.  Hliic  KilN.  <lt'«itrii(ti(>n  of.  '*.•♦'».  :>tfi. 

Biolnirical  station,  tir.st  rci'oit  of.  ''X).  JSi).  \\\nv  jay.  ''.M.  21. 

Biological  .station,  plan-  f..r,  'i»*»,  V).  IJoholink  in  In<liana.  '•>).  227. 

Bi(>li>iri<>al  .-urxi-y,  '•.»:;.  1'..  |{<i«'toiiin>  si»..  "'.•J.  t'l. 

Bioiotrii-al  survey.-.  "*'l,  1^.  7»i.  I'.ollry.  11.  L..  '\r2.  .V). 

Bi«*|oirical  -urv«'y.  <iitr::cv««rions  for.  ''.»:'•,  l'.»l.  Ilolani'-al  apparatus.  '07.  \Vk 

Biological  survey  of  Imlijuia.  *'.'2,  l'^.  liotani.-al  «livi>ion  of  state  hioloKical  survey, 

BioloKical  >urvey  of  Milun  pon<l,  "'.Mi.  274.  .            lejiort  of  jiroL'ress.  'lU.  •>»'•. 

Bii.loify.  ••.»:*.. -224.  liotani-al  fieM  work  in  Mali...  "'.^J.  .V>. 

Birds. :« -t  for  prote.tion  ..f.  see  a<-t.  Holjiniral  liti-rature  in  .<tate  Liorary.  'l^. HrJ. 

Binls  of  IXrown  County,  preliminary  li-t  of,  IJotany.  ''.•:'..  U.  2:^. 

*tM.tW.  IJotany.  a  pri»pose«l  new  >y-teuistie  of  N.  A., 

Binl-.  ilestruetioK  ..f.  ''•].  !•>.  '"•'».  l:'-'.. 

BinU  n\'  1W»I,  not.-  on.  ''.M.  7"..  r»ot:iny.  l)il)lio^'raphy  ..f.  'it:;.  2«». 

Bir«l  f«'roeity,  '.•7,  2(«;.  IJot.iny.  -y.-tematie.  '•♦!.  IS. 

Bir«l>.  In«liana,  ''A.  101.  liV..  Hotryr-hium.  *i«l.  17.  27. 

Uinl>  of  iinliana.  'l^'i.  li')2.  Botry<-liium.  -pcranKiuui.  an  ajiical  f^rowtli. 

BinI  mi^rration,  ''.»!.  1".  ''.•!.  7*.«. 

Binl"  near  Ki.'hmon.j,  In. I..  "'.C,  l**'..  IJoHMer.  an  intere-tinu.  '«.»".•.  1«V2. 

Bir«l>.  n«>ti'>  on,  ■'•;;.  ll«i.  llowMer  lM'lt>.  a  tlie.iry  t»)  explain  the  West- 

Binl-  ohser\.-.l  in  tli.- S.iw  t.M-th  M.Mint.iin-.  eni  In. liana.  '<•<».  1«»J. 

''.•|,y».  nra<-hi«»p«»'la.  '*.•!.  •*»*<. 

I5inl>  of  Wal)asli  r.mnty.  '\H.  *«):   ''.•.'..  Hv  IJraeon  airrili.  '«.L',  so. 

Binls  <i    Wi>tern    Texa-  aii-l  Southern  New  Hrae.m  «lia>t;it.ie.  *«.»2.  ><0. 

.Mo.xi.'.i.  '".fJ,*;!.  Bra. -on  phy.j.lis.  'i»2,  s«.i. 

Birire.  A..  ''.»'.  2it.  IJra.on  -p..  '••2.  ^:». 

Bisi.n.  -kuil  ..f  fo^.il.  ••.•'.  ITs.  Hra.lley.  M.  (\.  '•••S.  117. 

Bittinn.  A.  W ..  '\'\.  o'.' :   •«.♦».  m)  :   ''.»'.,  1:1'.,  h^  ;         I5ran.-hipu>.  'o:.'22. 

'i*>.  172:   ''.>~.~*<.  Hram-hy-oreN  hrevieauilatu*".  '".•1,  livJ. 

Biv;ilve-.  lri'<li  uiitn,   •.•;.  IVJ.  |{ran.hyM)n\  h:irlanii.  ''.M.  1»>>. 

IJla.-k  ra-er.  '.'i.  li>»i,  11»».  IJn.  IJranner.  .1.  ('..  'i>:{.  22:i :   ''M.'A. 

Blake,  K.  M.,  ■'.••;.  <.  r.rann..n.  M.  A..  ''.L*.  :;■>:   'iKl  i'o  ;   "vN.  2«.»1. 

marina  ».re\  i.:ni.l:i.  '  '1.  ]<'..'.  Umy.  W,  L..  '\C.  J^. 

Bl.irina  lineM-.i.   ■•1.  ]'■;.  Ilre.i-l.  pure  v«  .i^t  in.  ''.'7.  <'»2. 

Itlariiia  j'lirva.   ''1.  I"'.  l!r«-:i.l.  -alr-i  i>inir.  ■'.•!.  12i». 

IJlarin.-i  platyrhinu-.  '•'].  I'-l.  iJn.ik  -lio.s.  railway,  'no.  1(n». 

Blatehley.  W.  >..  'L'. '•_'.  l"-:.  lu', ;   •«•  •..«•,'.'.  ;;••.•.  i;riti>h  ("..InmlMan  irla.-iors.  'l»2.  Ll^. 

2.n  :   ''.*4.o'<:   '"i.  '.1.  1  y.  I?r<.wn.  t'harle-  ('..  *■.»»,  Hi. 

IJlatta  ameri<an:«,  ■'.'_',  1-7.  llrown  r'.mnty,  preliminary  li.'-t  of  hinls  of, 

IMatta  tlav...-ii..t:i.   '.•_',  It'.l.  '\*\.  »»'<. 

IJlatta  (fermani.a.  ''.'J.  MJ.  Ilr..wn.  W.  V..  'l»l.  'ii. 

IIlalt:i  <»ri.'nt,'»li'..   ''J.  [■"■••.  l!ru.|iu«'  exit'un».  *'.L'.  *.»1. 

IWatta  pcnn>ylMUii.:i.   "2.  !"'•<.  Ihiiner.  M.-nry   L..   ''.C.  •2«i;'..  2iM.  2lli". ;   'iK.  22S, 

Hlatti.lae  .f  In. liana.  '■•J.  I'.l.  JJ't. 

lUatti.iae,  syn..p-i-  ..f  ::.iht:i  ..f.  ''.'2.  1'.'..  I'.rynn.  \\  .  L..  '''4.  12. 

Bliinl  nnimals  ..f  Manim.ttli  <'.iv«'.  .-ome  notes  IJrvi.phyta.  ''• !.  »'4. 

on.  ''.»!.  ^'.  Hu.keye  .  iin..e  f»f  l^jo,  ''M.  i:u>. 

HIin.l  ti^h.-.  '.'l.  21  :   '■•:.  2.'.it.  Ilu.-kevr.  a  Kan.-a-  >pe.-ie>.  "ol.  74. 

Itlin.I  tishe^..  an-.-t-.r-   .f.     '1.  24.  Unnalo  t'liat-.  "i'l.  ;:l. 

Itliml  fl^h.  new.  ■'C.2'.:.  Untfalo  in  Illinoi-  an. I  hniiana.  ''.»;.  l-Vi. 

Ulin.l  rat  .,f  Manim..th  Tive.  '"<.  2"..'..  liufo  lenti»,'in«»su-.  •«)<•.  1»»7. 
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BuiMinfT  stone,  quality  of.  '91.  (i6. 

Burial  mound  in  Kandolph  County,  '(M.  46. 

Burk.  W.  K.,  '%,  lia. 

Burrage,  Severancre,  *\^\  40.  W;  '%,  ')6 ;  '90, 

01.  68;   Mm,  157. 
Butlor.  A.  W.,  '01,  161,  161 ;  '02,  5(>.  ^\  62  :  'rti, 

r,8,  6i».  IIW.  120,  224  :  '04.  a\  7-^,  «1  ;  'U3,  31, 

162:  '06,  227.  244;  '07,  17.'),  180, 10«,  201 ;  '1»0, 

53, 140. 
By-laws  of  Indiana  Academy  of  Science, 

'i»2,  H  ;   'OH,  S :   'IM,  10 ;   '0:>.  17 ;   '06,  12  ;   '07, 

12  ;   '08,  IH  ;  'W,  13  ;  '00.  1"). 

CACTACK.E,  ElMHERMLS  AND  SPINK.<, 

'02, 42. 
Cactacetp,  spines  of,  '91, 19. 
Cacti,  evolution  nmonff,  *93, 2t)2. 
Cactus  flora  of  the  Southwcs«t,  '91,02. 
CactuH,  the  fronup,  '1^,  45. 
Cacus  oecanthi,  '02,91. 
Cady  marsh,  '07,240. 
Calendar  ^roup,  '96,  86. 
California  vivaparous  fishc;i<,  '01, 10. 
Call,  R.  Ellsworth,  '03,60,140,219,225;  '94,57, 

58, 80, 139.  140;  '95,  100,  135,  246;  '06,  46,  64, 

247;  '07,250. 
CambrusPollucidus.eyes  of,  '00,155. 
Campbell,  J.  L.,  '01,  1)8;  president's  address, 

'92,15;  '94,30,47;  '08,  ?2;  '99,85:  '00,  Ki. 
Camphor,  a  cyclic  derivative  of,  '09, 103. 
Camphoric  acid, '93,  267;  '04,52;  '95,80;  '97, 

132;  '08,160. 
Car  boldterK,  formula  for  deflection  of,  '98, 

157. 
Carbon  dioxide  in  the  urine,  '91,:«J,  48. 
Carbonic  ncid  in  the  air,  '01,  30. 
Carboxylatcd  derivatives  of  bcnzoquinone, 

'01,27. 
Carolina  parakeet,  '01, 17. 
Carroll  County  birds,  '01, 10. 
Carroll  County  fishes,  '01, 10. 
Carya  alba,  '01,27. 
Carya  niba.  stoniata  of,  '01,  76. 
Caryocrinus,  '01,67. 
Castoroidc.«,  a  cranium  of,  *l»0, 171. 
Catolaccus  tylodcrnia',  'Oi,  01. 
Cave  faunas.  •*»7,  2Ln«. 
Cave  i^alainandcr.  *00.  1«>7. 
Caves  of  Missouri  and  IvcntUf-ky,  'i^H.f^^. 
Cave."   and   jiinkhuh-yi,  »rcu|i)jri<'  rclati<»ns  of, 

etc.,  '•»s.258. 
Cayleyan  cui.i*',  *U»,  01 
Ceciduniyidac,  ''.'2.  124. 
Cedar  ap^»lo^^,  jrenerir  nomenclature  «>f,  'u), 

131. 
Cedar  Lake.  'IKi.  JOG. 
Cell,  cfTorf  of  ccntrifuiral  force  «.u.  ''M,  109. 


Cell  structures  of  Cyanophycea?,  '94,  l:i.3. 

Century  plant,  the  sugar  of,  *tM,  51. 

Ccphalanthus  occidentalis,  '01,  l.W. 

Cephalopoda,  *01,  r>8. 

Cereal  smuts,  resistance  of,  etc.,  '05.  r>4. 

Certain  chemical  features  in  the  seeds  of 
Plantago,  Virginiana  and  Patagonica,  'i>4, 
121. 

Certhia  familiaris,  '01, 167. 

Ceuthophilus,  'Oi,140. 

Ceuthophilus  brevipes,  '1>2, 148. 

Ceuthophilus  divergens,  'i>2, 153. 

Ceuthophilus  ensifer,  '02, 15^3. 

Ceuthophilus  lapidicolus,  '02, 142, 144, 147. 

Ceuthophilus  latens,  '92, 143. 

Ceuthophilus  latisulcus,  '02, 146. 

Ceuthophilus  maculatus,  '02, 142, 147. 

Ceuthophilus  niger,  '02. 15.1. 

Ceuthophilus  stygius,  '02, 148. 

Ceuthophilus  uhleri,  '02, 144. 

Chtt'todontidw,  '01,10. 

Chamberlain,  F.  M.,  '05,264. 

Chansler,E.  J., '06,244. 

Chara  fragilis,  'i»5,l»r». 

Characinidsp,  South  American,  '03,  226. 

Character  of  well  waters  in  a  thickly  popu- 
lated area,  '91,56. 

Charadrius  squatorala,  '01,ltl'>. 

Chemistry,  some  new  laboratory  appliances 
in, '04,51. 

Chipman.W.  W., '96, 147. 

Chloranil. '01..37. 

Chlorine,  determination  of  in  watera  [natu- 
ral], '02, 160. 

Chlorine  estimations,  '01,18,40. 

Chlor<»form,'01.14. 

Chologaster  agassizii,  and  its  eyes,  '08, 231. 

Christma«  meetings,  see  Meetings  Annual. 

Chrysomelidje  Tasmanian,  '01, 1(>8. 

Cicada  canicularis.  '\^2. 117. 

Cicada  scptendecem,  *02,  86,  S7. 

Cicada  septendeeeni,  distribution  of,  'i»K,  225. 

Cincinnati  limestone,  wave  marks  on,  'i«4, .'».'>. 

Cincinnati  silurian  island.  '01, 18. 

Circles  connected  with  the  triangle,  "W.  88. 

Cistothoru-  stellaris,  '01,  HU. 

Cladoccra  of  Turkey  Lake.  '95,244. 

dark  an.i  Weston  cells,  '%,  08. 

Clays,**":;.  lOS. 

Clays,  white.  •0:5.224. 

CkM>'togajny  in  Polygonium,  '01, '.♦2. 

Clinton  limestone.  '02,28. 

Clifioranipa  <ii>stri,  '02,  W. 

Cnicus  disc. lor,  '01,15. 

Coals.  '[K\.  1<W. 

Coocinollidse  Tasmanian.  '01. 1<'»*<. 

Co<Tothran>tes  \espertina,  '01,  l«v^">. 
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l^u<'kr<»ai'h.  Aiuericaii,  ''J'l,  157.  Control  innirnet.  *i'l.  27. 

<^ockroiich,  ^uTiiiiiii,  '*.»2.  liiJ.  C»nvcrKenre.  a  case  t»f,  'IK  247. 

ro<'kroa«'hes  of  Indiana.  '\KL,  153.  Copper  .-luuuoniuui.  i»xi<le,  **.U,  14. 

Cockroach,  riricntal,  '<.>2.  l.">«'.  Cnppt'rhca«l.  ".•1.  Ui7.  UlS. 

Cockroach,  Pennsylvania.  ''.•2.  lox.  Corailorhiza.  i»rohIenisi  in.  *'.)l'.  145. 

Cocknwich,  ^>hort-win^fe•l,  'V2, 1'il.  Corals.  *'.'!,  »)7. 

Cocoaine,  '^'1. 14.  Corncob  pcntavlucosio.  *\>l.  2i». 

Coefficient  of  exi)anr-ion  of  .>.oli<]s,  '*.>1.  2^,  2«).  Corn  >mnt.  constituents  of,  '(*\  148. 

Cok«',  '»»3,  l»Hi.  Corn  smut,  funpici.les  for.  '•>5.  %. 

Colaptes.  '\*\,MK  Corniis.  (ii>tribution  of,  'Ml.  K 

CoIIectinif  ino^>e-, ''.M,  14.  Correlation  of  siluritin  .sections'  in  eastern 

Collection  of  plant>  uia«le  (iurinjf  year  near  Indiana.  'HI.  .">4. 

Crawfonlsvilli'.  *'.»1, 'til.  Correspondent."!,  foreijrn. '^t*.  19;    'l»7,  21:    'W, 
CoIIettjrIa.-ial  river, 'iM.  17.  21:   '•.••.•.  I'l;   '0».  21. 

Collinenr  sets  of  three  p.dnts,  ''.C,l<)|.  Coulter.  John  .M.,  'H1.7«i:  V2,  41,  'l»:i.  M,  262, 
Col.»rs  of  letter-.  •!M.24.  274. 

Color-pattern   of  Ktheostoina  caprodes. 'i»:*..  Coulter.   Stanley.  '*.n.  l»2:   ''.•2.41.49.50;  '*«, 

tru.  17.  l'.»:;:  '«»4.  ♦■«;.  hv.,  IJO;  '•»->.  l(V.».  IKi:  'inj,  za. 

Color-*  of  s.Minds, '!«1,24.  V,\K   IS'.   27.'.:  ''.»7.  l.'vs,  Wy,  'iW.  215;  'W,  101. 

Color  variations,  ''•1.  21.  112.  llii;   *<«»,  13»i.  14i. 

Colunihian  cxpo>'ition  anil  >cience,  ''.'K'.'S.  t'ountcr-halance  in  io<"oinotive  drive  wheeli*. 
Colunihian  niu.»cuni.  M>.'..  274.  experimental  >tudy  of  the,  'M.S.  273. 

Committee''  of  Indiana  Academy  of  Science,  (^)X.  I  lys<e>  n..  'W.  7.">. 

•91.2.  Craiif.  o.  .1.. -iw  55. 

Committees,  'IL*.  5:    '*>.?,  5;   'IM.  7:   '9r>,  l'};   'l»6,  Tramhus.  zecllus.  ••.»2.  t««). 

6:   ''CS:   ••K.M:   '^•'.•.H:   'no.  10.  Cray  fish. ''.«1.  21.  22. 

I'ommittees.  p;i>t.  *:•!,  3.  Cray  fillies  of  In«iiana.  '91.  117. 

Companion  plants, '91.  2»>.  Cremation.  '91.  17. 

Composites,  germination  of,  '!»7,  l«ii.  Cre|d<liila.  '91,  27. 

Comi^ofitje   of    Indiana,  general   notes,  '!•»>  Crickets.  'I'l,  12**. 

160.  Crickets.  hlackside«l.  •i>2.  14.}. 

Compositje,  or^anotreny  <if,  **.»!,  '79.  ('rickets,  camel.  ''.♦2. 1'2.  140. 

Concerning  the  effect  of  jrlyccrine  on  plants,  Crinoidias  '91,  »W. 

•'.•:5.-2:U.  Crossbill.  American, 'i^i.  62. 

Condensation  of  a<'etone  with  hen/,(dn, '91,  Cros.-.hill.  ranjre  of.  in '>hio  Valley, 'i>2,  62. 

47.  (^'rosshill,  whiteirinKed,  '\K1.  <)9. 

Conircreel.  'oO.  l")").  Crotalidie.  'oi.  107.  Hi«». 

<'()nifene.  *'.>!,  !•<.  Croton  hujr.  '92. 1«)2. 

ConocephaIin;e,".i2.  •.'6,  III.  Crowley's  HidRe.  •9;{,  21i<,  224. 

Conoceph.'ilina'.  key  to  ^renera  of,  '92, 112.  Crustacea'.  'Hi.  'W. 

('onocephalus,  ''.*2.  II'..  Crustaceans  of  Indiana.  'Hi.  147. 

Conocephalu'^  crepitans.  *'.»2.  IH.  Crow  roo>t«!  of  Indiana,  '97.  17.'). 

('onoeephalus  etisiv'er.  "H2.  111.  117.  lis.  Crow  roosts  «d'  Indiana  and  Illinois,  't)7,  178. 

Conocephalur*  nebra«^censi<.  'H2.  ll.">.  Crow  roo>.t^»  of  Lake  Ccjunty,  '9S.  227. 

Conoeephalu.v  palustri-.  'H2,  11^.  lli">.  I'iH.  Crushing  strength  of  cyl.n«lers.  '96,  SS. 

Conocephalus  rMl)u-tu««.  ''.»2.  11»».  11^.  <'ryplogamic  eollection.^.  '<I0,  121. 

Constitution. '92,  7:   "'•;;.  7:   *'.•}.♦.':   ''.».'..  15:   '90.  Cryptogams. '^Hi.  171. 

H);   '••7.  10:   ''.k.  11:   '«.<••.  11:   '«n».  U.  Cryptogjun.-.  list  «d'.  'i».i.  3H. 

Contents,   table   of.  'HI.    IV;   '92.  Ill:  ''.»:i,  :•.;  Cubberly.  K.  P..  'H2,27. 

'94,  .3.  ';».'.. :;;  ';•♦•..  :;;  •'.»7.  .\:  '9s.  :••:  •'.»«.•.  3;  'tm.  4.  Culbert<on.  <;ienn.  'H7,  20i).  242:   'l***:  107. 

^'ontopus  borealis.  "Hi.  1»;').  Cumings.  K.  U..  ''.♦•.'.  I7J.  176:   '<«>.  2oo.  216. 

Contribution  t<»  ihi-  tb.ra  of  Indiana.  No.  I  V,  Cunningham.  Alida   M..  '94.  67,  121;   ''X\  19S; 

•'.••i.  1;>H.  ^  'H-i.  l'»«»;   'H7.  li-».  1<>S:    'HS.  212.  214. 

<'ontribution*  to  the  histology  of  the  Ponte-  Cunningharu.  Tiara,  'Hd,  208. 

deria<ea?.  'H3.  2:U.  Cupulifera\  the  embryology  of.  '94,  135. 

Contribution.-   to   the   life    history  of   Note-  Curimatina'.  'Hi.  IH. 

thylas.  'H  ',.  2;h.  Cursoria,  'h2.  1>4. 
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(^irtis.  <Jeo.  L.,'W,  250. 

Curtift.slt.(J.,  '1^,  li02. 

Cuseuta,  dii'trihution  u',  MW,  214. 

Cupcuta,  .•<oiilei»  of,  'Sf«,  212. 

Cyanogen /97.  <«. 

('yano!»h5'ccu?.  «h«II  .structure  of,  '*.H,  13.S. 

Cycnt*,  stoniatcM  of.  'U:'.,  2.v4;  '\M,  I.JO. 

(Vcli<"  quadralatcral,  *m»,  91. 

Cymatoganter,   aberrant  fulliolefi  in  ovary, 

'9S.  22t». 
Cyuiatoiraytcr,  development  of  sexual  organs 

of,  '^M.  138. 
Cy ma  togas ter,  early  .stages  in.  'V»2, 58. 
Cyprepediuni.  poisonouit  intluenco  of  fonic 

specie:!  of,  '91. 13<). 
Cyprcpedium    .'•pectabile,  poisonous  effects* 

of.  Mn,  254. 
Cypeys  ."wamps  of  Knox  County,  *97, 172. 
Cyprinodon,  '91. 19. 
Cyrtophyllus.  *\K>,  109. 
Cyrtophyllu!*  eoncnvus.  '92,  KW,  109. 
Cyrtophyllus  pcr^picillatus,  'i»2,  110,  \52. 

DAIHINIA,'J»2,1»2. 

Davis.  B.M.,  •<».'..  4.-);  'W. '259, 260. 

Davi!».  Chas.  K..  '\H\,  172. 

Davis.  Sherman,  '91,  49;  MKi,  2«)2.  2«»;   *9t).  11'). 

Davig!?on,  S.  C.  '(ir).  W. 

Dead  animal  tissue,  absorption  of  poison  by, 

'<«,  2rtH. 
Dearborn  County,  '91.  14. 
Decatur  County,  butterflio:),   '91,  21»:   fishci", 

*91,2l»;  physical  geography  of,  '91. 2«. 
Decorticated  i<tom.4,  absorption  of  water  by, 

'{w,  m.i. 

Detticidinae,  '^^2.  W.  149. 
Decticus  dorsal  is.  '{Tl,  IM. 
Decticus  pachymerus,  'i»2.  !,")(). 
Degeneration  illutitrated  by  the  eyes  of  cave 

fishc?,  'i»9,;n. 
Demonstration  appnratus.  *<¥i.  11.'^. 
Dendndca  Kirtlandi.  Haird.  '9:i.  224. 
Dcnni>,  D.  W..  '91,  LT);  'O").  44.  95:  '97,  «»8;  •9S, 

2.HS:  '«*;».  i:»7;   '^K),  M. 
Denny.  W.  A.,  •9S.  2.V2. 
Desmids  orCr:iwf..rd>ville,  '1^.  li,*.. 
Deti'i'tion  orhydn>cyanic  :icid,  ■9:{,  I'tri. 
I>i'fc«.tio!i  of  strychnine  in  exhumed  body, 

'a>,  2«i7. 
Determination  of  vtiloiircs.  'll'.  I»>'.». 
DeveloiMiicnt  of  Eiht.'oistomjj  (vioruleum,  |)re- 

liminnry  .*i«-cc»unt  of.  '91.  IM'i. 
Devclopini'iit   of  >cxn:il  orjfnns  of  Cymato- 

gastcr.  "'.»4,  l:W. 
De\clo|iiiu.|it   of  \  ivaparou;'   fi>hcs  of  Cali- 

f..rnia.  '91.  1.'.9. 


T)extrose,  action  of  ammonia  upon,  'iM,  51, 
Diaeretus  Amcricanus,  'i»"_M«0. 
Diacrctus  brunivcntris,  ''.>J, '.IJ. 
Diaeretus  websteri,  *92.  \^K 
Diagrams  from  iron  anil  steel,  '91,20. 
1.4  Dianiino-oyclohexanc,  "9.'>,  2«i<i. 
Diamond  fluorescence.  'W,91;  'W,  Ua 
Disfcstata.  n.  si».,  '92.»,». 
I>i-benzyl  carbinamine,  '91.27,2H. 
Dickson,  Clinton,  see  W.  K.  .<tone,  **.»2. 
Dicty<da,the  centnis(»me  in,  *1>H.  liUi. 
Diemy«*tylus  viridcsccns.  Hay  on,  '91,  144. 
Differential  invariants,  ''.»?<,  l:i.'». 
Digestibility  «if  the  pentose  rarbohydrates. 

•91,57. 
Dimeris  rufipes.  '1»2,  KK 
Diphenylselenon,  '\k\,  114. 
Diplodus,  '91.  VK 
Diplosis  tritifi.  'ini.  92. 
Dip  of  the  Keokuk  rock  at  IMoomington,  'IM, 

52. 
l>iptera,  reared  in  Indiana.  'W,  224. 
Diseases  of  sugar-beet  root,  '91,*»2. 
Distribution  <»f  (Sleditschia  triacanthos  and 

other  trees,  some  facts  in,  '94,  27. 
Dolan,  .1.  v.,  •<».'>.  2:V.;  'i»»i,  279.  2>W. 
Dolichonyx  ory/.iv»irus,  *91, 1»*.7. 
Dorner,  Herman,  *W,  ll(i. 
Doryphora,  in-Iineata,  'iL*,  SI. 
Dragon  fliesof  Indiana. additions  to,  '00,17.'*. 
Drilt  deposits,  '91,  «)<>,  ♦)7. 
Drift,  limit  of,  '91.15. 
Dryer,  Chas.  R.,  ••»7,  7M  '9S  2tVS,  270,  27-^,  '00. 

17S. 
Dubois  County,  fishes  of.  '♦C>.15«». 
Duff.  A.  Wilmer,  '9'..  .>.  77,  *»,  S4:  'W,  97;  '97, 

S4,  HiSiii:  '9.S,  •<2,  S-l.  K",. 
l>ynastes  tityu**,  '92,  Sii. 

EAWLK  LAKK.  'IV..  2'.W. 

Earthworks,  ancient,  near  Anderson.  Ind.. 
'<>2.  :.<o. 

Karthquake  center,  '91.  .30. 

Earthquake,  the  Charlestt>n,  Mo..  •9">.  .'d. 

Ectobia,  *92.  1.5.x  h'A. 

Ectobia  flavo«'incta.  "IL',  1»>1. 

Ectobia  germanica.  ''.♦2.  1«)2. 

Ectobia  lithopliilia.  'l>2.  V*><. 

Eburia  <iuadrigcniinata.  '91.2.5. 

Eels  of  Amcri»-a  and  Europe.  '^'1.  24. 

Eel  <iucsti..n.  dcvcl(»pmcnt  of  the  C«»nj:cr  eel. 
•(Ml.  l(Vi. 

Effect  of  environment  oil  mn>s  of  local  ^|.e- 
cic>.  '9:^.  22»'.. 

Effcrt  of  light  on  germinating  sporo  of  ma- 
rine algae,  "9;'.  2.".7. 
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Kgff  innnWrane.  *i»l.  l'.>. 

Eiiffiiiiiann.  ('.  II.,  •*.'!.  1;V.«.  10'.'.  172.  175:    *^t\ 

•2!t.  5*3.  .>•<.  J^l :  'i»:i.  1  \.  '17. «".".».  7<).  22»>:  **U.  :^1,  X7. 

i:is:  '0.').i:u4.  i'.2.  -jr)!*,  -jrv".-.   '^c.  22'.>,  2:mi.  2:n. 

232:   ''.w.  .V».  .-)S,  2:'.5',  242.  217.  ITA,  2.')2.  2."»:;;   '«*;». 

:U;   'IKJ,  ItM.  1»V).  1C,7. 
Eiffenin:in.  Kos.i.  **.'!.  lc»'.». 
Klastirity  con^^tant,  ''.»1.  Jo. 
Elastic  futi^fuo  of  wire-;.  ''.>4.  '»u. 
Elastic  limit  (.f  soft  -tiM-1.  "•'7.  V.'*K 
Elaps  fulviM.  *'.»!.  l')l. 
Electric  arc.  n:itiirc  of.  ''.'7.  Uhi. 
Electric  arc.  spci-trinn  of.  "'.»7.  '«•'>. 
Electric  current,  (lot;s  liijjh  tension  of,  <le- 

stroy  lift'?  ''.»4.  :^'. 
Electric  current*,  strenjrth  f)f,  **.•!.  20. 
Electru-niajfJict.  ''.'!.  2(». 
Electrometer,  new.  '*.•!.  2i,*>. 
Electrical  oxi«Jntion  of  jrlycerine,  '*.*2. 1(V). 
Electrical  science,  "'.C  :>5. 
Electrolytes,  temperature  coeflieient  of,  HW. 

Elevalc'l  beach  in  Maine,  'i»s,  72. 
EIrod.  M.  X..  ''.a,  i:W:  M^S.  2.^8. 
Embedilinjr  material,  nijtes  on  an.  '\*''>.,  2.i3. 
Embiotocidae,  a  review  of.  'Ml.  17«). 
Embryo  human,  blood  cori)Uscles  of,  'Ol.  l:V). 
Embrycdoiry  of  the  C'upuliferae,  MM,  l.Y^. 
Embry<do»ry  (»f  the  frotr.  'i»4.  l.'V'>. 
Embryulojry  of  the  Kanunculuceae.  '94.  121. 
Embry<»-.<ac  of  .Feffcrsonia  diphylla,  '^M.  131. 
Emys  concinnn,  ''.»!,  22. 
Emy.s  concinuus.  "'.♦1.  Iin5. 
Emys  floridana.  *1«1,  1(N>. 
Encyrtus  brunnipennis,  '<.>2.  Ml. 
Encyrtus  «'lisit»campnc.  '\^2.  '.H'. 
Encyrtus  tnrsali^.  ''.L'.  Ml. 
Encyrtus  wel»steri.  'M2.  t»<>. 
EngineeriuK'  resc.ir<h  laboratory,  '*.••;.')<•. 
Entoniolotry,  erM>n<>mic.  '•.»].  jn. 
Entomology  in  hijrli  schools.  *!»1.  2.'>. 
Entom(d«i»ri/intr  in  Mexico.  'Ml.  114. 
Environment,  Turkey  Lnke,  a  unit  of.  ''.•."., 

Enrymc.  rclati<»n  in  srcil  to  irn.wth.  'M1.M7. 
Epyphy^i-  <-ereoii.  literature  i»t".  'Mi'). '2.'/i-2r»<». 
P^iualijui.-.  jrraphical  solution  (»f,  ■''l.."i7. 
Ericaceae  of  Indiana,  "'.'7.  li»*>. 
Er«idin>r  MKcncic.»,  g'Unc  min<>r,  *M'<,.'»4. 
Erithriniae.  "^'1,  1'.'. 
Eskers  an<l  Kskcr  lake-,  '<«•.  17^. 
Estimation  of  ihlorint:  by  Volhard's  plan, 

•'.II.  »'.'. 
Etheo-totna  ■arrnlciini.  preliminary  ui'count 

of  <levcl<ipnM'nt  of.  'Ml.  ll.. 
Ethco^toma  capr.nle^.  "'.''».  L.')l. 


Etheostoma.  variation  in,  "M4.  l.t'>. 
Etheostomn.  variation  of.  'M7,  2t»7. 

utainia.  breedinjr  habit,  etc..  'Ml,  \iO. 

iitainia  saurita.  'Ml.  ITi. 
lutainia  <irtalis.  *'»1.  HH'. 

upelmus  allynii.  'i'2.  Ml. 

uthymorphic  functions.  *M«>,  X7. 

vans,  V.  N..  'M7,  1.^;    'MS,  h'*);    '^-.S  <»S;    -(JO, 

li:.. 

vermann.  H.  W.,  '^L'.  2i».  '.<».  73.  >:    '93.68, 

1211:  'M4.  .^),  81.  '.X.I.  ln;i:  ''i.".,  12*).  131. 

viclences  of  man's  early  existence  in  In- 
diana, 'M2,  i\K 

volution,  'Ml.  17. 

v<dulion,  atldress  on,  'Ml,  31^4."). 

v«dution  amontr  cacti,  'M3,  2t)2. 

lv«dution  and  licbanon  beds.  *M1.  IH. 

volution  of  map  of  Mammoth  Cave,  '9rt, 46. 

xceptional  jfrowth  of  wild  rose,  '*,*>.  1H5». 

xhumcd  body,  dete<tion  of  strychnine  in, 

'M.i.  2ii7. 
Experimental  study  of  cuunter-balaucc  in 

locomotive  drive  wheels.  'M3,  273. 
exploration  in  Western  Canada,  '*,»2, .')«3. 
"iXtinct  fauna  of  Lake  County.  'M4,54. 
•'xtracti<»n  of  xylan  from  straw,  ''.♦2, 1«»8. 


FAl'UHT.  JUHX  B., 'M7, 112. 
Fault  structure  in  Indiana,  '97,  244. 
Faunas,  cave,  '97,  *22!». 
Fauna,  river  and  island,  '91,  S.3. 
Fayette  County,  adventitious  plants  of,  *l^3, 
2rvs. 

Fellows, '93,9;  '94.11;   'iV>,\H;  'MCLS;   'i»7, 13; 

''.♦s.  14:  '91M4:  *(M).  16. 
Fellows,  honorary, '94, 11. 
Ferujentation,  ratio  of  alcohol  to  ycaat,  '95, 

*.*2. 
Ferric  bromide,  action  of  zinc  ethyl  on,  *94, 

.'.1. 
Ferric  chloride,  action  of  7,inc  ethyl  on,  '94, 

:)1. 

Ferris,  Carleton,  (»..  *97.  l-"»7. 

Fessenden,  K.  A.,  ''.»2,  2.'),  26. 

Field  and  home  crickets,  'Ml,l:>2. 

Field  meetinjr  of  Indiana  Acad,  of  Sci.,  *Ml, 

M:   "'.L*,  l:'.:  ';M,16;   •«.»:..  16:  •«H),32;  '97.  X\;  'i*?*, 

:v4;  '••^•,.a":  *)«»,  :vi. 
Filtration,  '\^\,i>\. 

First  report  (d  Hiolojrical  station,  'Mi"»,2K]. 
Fish,  a  new  o«Tanic.  "'Ht,  Itkl. 
Fish  launiioi  Wabash  County,  additions  to, 

Fi-b,  takinjr   for   scieiitifjc    purpo.^es, 'MS,  7; 

''.•*.•.  7;   '<.M'.  **. 
Fisher,  C.  «».  an. I  A.  1>.,  '^•tN-'l'o. 
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Fisher,  E.  iM..  '01.  ?.);  'in*.  4^3. 

FisheK,  A&prodini(l8e,on  the  presence  of  an 

operculum  in,  '91, 175. 
Fishes,  biblioRraphy  of.  '\K^.  71. 
Fishes,  development  of  the  viviparous  fishes 

of  California.  '91.159. 
Fishes,  disperHion  of,  '91.  24. 
Fitihes,  distribution  of.  *91,  23. 
Fishes  in  Indiana,  an  addition  to,  '00,167. 
Fishes,  list  of.  '93.  76. 
Fishes,  mimicry  in.  '94,  86. 
Fishes  of  Dubois  County,  '95.159. 
Fishes  of  Missouri  basin,  '95. 126. 
Fishes,  rods  and  cones  in  retina  of.  '98,  239. 
Fishes  of  Turkey  Lake.  '95. 252. 
Fishes  of  Wabash  County.  '93. 229. 
Flather.  J.  J.,  '96.  79.  93. 
Fletcher.  Wm.  B.,  '99.46. 
Floral  decorations.  '91,  21. 
Flora  of  Hamilton  and  Marion  Counties. 

'94. 156. 
Flora  of  Indiana,  additions  to,  TN).  136. 
Flora  of  Indiana,  '97. 15«. 
Flora  of  Indiana,  contributions  to.  No.  IV, 

•96, 159:  '99.  im. 
Flora   of  Lake   Cicott   and    Lake   Mazin- 

kuckee.  notes  on.  'W.  llii. 
Floras.  Arizona,  '91,  iJ7. 
Floras.  Florida,  '91.  S3. 
Floras.  Henry  County.  '91,  7<>. 
Flor.'if.  Mt.  Orizubn.  '91.  S(». 
Floras.  Putnam  County.  '91.  8l«. 
Florn!«.  wcatern  plants  at  Columbus.  Ohio, 

'91.94. 
Florida  forns.   91.  :«). 
Florida  f?oi»hcr.  't»i«.  46. 
Florida.  >h.'Il  mound.  '91.  4.S. 
Flori«le:ic.  the.  notc.*«  on.  '91. 127. 
Flour.  micro-ori^nniMns  in.  '97.  1.'.7. 
Flowering  plant?'  of  Wabash  County.  '94.  »'H). 
Fluorcsrenco.  «lianionil.  '<^).  UK*. 
Foley.  Arthur  L.,  '91,  :y>;   '9.-).  •J7;  '97,  9").  97. 

UU);  '98.74;   ''.»!».  94;   '<)(».  97.  Ifi*.  1(«. 
Foreijfu  «*orrej«p«ndent!<.  '\k\,  19;  '97.  21;    'W. 

21:  'W.  19:  '(M).  21. 
Fore.'«try.  exhil»it  of  Indiana  at   Columbian 

Kxposition.  'l»2,  41. 
Forests,  distribution  of  certain  trees,  *91.  !)2. 
Forest.",  unused  resources.  ''M.  92. 
Formalin,  apiuirent  deterioration  of.  '<H).  119. 
Formalin,  field  experiments  with,  '9S.  o2. 
Formalin  on  seed,  '97,  144. 
Forms  of  nitroRon  for  wheat.  '91.  .V\ 
Fossils  in  (.'olorado,  *91. 17. 
Fo>i«ils.  some  new  Indiana.  "91.  ",4. 
Fovea,  the.  ''M\.  :«i4. 
Franklin  County,  the  j-wanii)s  of.  '91,  "VS. 


Fresh- water  bivalves.  '93.  152. 
Freshwater  univalves,  '93, 150. 
FroR,  the  embryology  of.  '94. 13;'>. 
Functions  of  spinal  cord  from  clinical  study, 

'94.  :i5. 
Fungicides  for  corn  smut.  '*.*5,  96. 
Fungi,  connecting  forms  among  polyporoid, 

'91.  92. 
Fungi  imperfccti.  'iW,  43. 
Fungus,  plum  leaf,  '91. 14. 
Furfurol,  '91.  29. 

GALVANOMETER,  construction  of,  '92, 10. 

(Galvanometer,  new,  '97. 127. 

Game  and  fish,  propogation  and  protection 

of,  see  act  to  protect,  etc. 
Gamctophyte  of  Marchantia,  '98, 166. 
Garden  of  birds  and  botany.  '98.  .53. 
Garter  snakes,  breeding  habits,  etc.,  of.  '91, 

109, 112. 
Gas.  'iW.  KW. 
(iaseous  medium,  efl'eet  of  on  the  electro- 

ehemical  equivalent  of  metals,  '94.  50. 
(lasterupoda.  '91,  6S. 
Gastromycetes.  '*.Ki,  \\:\. 
Guatemalan  Conipositae.  '91.28. 
Germinating  spores  of  marine  algae,  effect 

of  light  on.  *93.  2:rr. 
Genera,  origin  of,  '91.  21. 
(lentianareae  of  Indiana.  '97.  lO**. 
(ieodesic  line  of  the  spnee,  '(XK  9i>. 
(leographicai    di.*>tri)mtion    of   Viviparidae, 

*93,  22;'>. 
(Jeograpliy  and  natural  .science.  '97,  73. 
(Jc.dogy,  '93.219. 
(ieology.  biWliography  of,  '9.i,  I'xi. 
(ieolouy.  town.  '91,  14. 
Gcologi.st.  trainintr  of.  '91.  l'». 
(ieometry,  bildi.i^riaphy  of.  '9S.  117. 
(JeouietiicMl  propositions.  '91.  ."iO. 
Geometry  otSinison's  line.  "'.W.  lOl. 
(leojnetry  of  the  trianjrie.  a  pro!»oseil  nota- 
tion for  the.  '\^.K  *«). 
Geotblypsis  formosa.  '91,  Wt. 
tierm  plasm.  oi>nlinuity  in   vertebrata.    '91, 

16S. 
(ihost  fishes.  '91.2«». 
(ila«*ial  drift  of  .lasper  County,  (»bservations 

on.  '94.  13. 
Glacial  er«»sion,  lliehniond,  ''.'2.  27. 
GlacialjuK^'.  '92.  2h. 
Gledit>ehia    triaiMMthos,    a'ld    otlior    trees, 

M»me  farts  in  <li.-'tril>ution  «>f.  'v»l,  27. 
Gliok.U.  ¥..  '94,  4.S. 

tilycerine.  electrical  (oxidation  nf.  "92,  W^'k 
(ilyreiine  «►!»  plants.  elTtM-t"  of.  '9i,  2>4. 
(f  lyphina  eragrostidi.<5.  '92.  IK). 
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4ilypta  fp.,  'i»2.  '.»1.  llnMfM.  I)ree«liiiir  hjil.it."'.  etc.  of,  'ill;  I'JJ. 

<5oId,  'i«,  \M,  Haili«l-!.  vapor  aonsities.  "*.»1,14. 

-Golden.  Katherino  K..  '01,  'JJ:  "l^.  r.  4«>:  'U-i.  Hjimilton  (Niunty.  flora  of.  '*.4.  l"**?. 

23f>;  '04.  til.  IL'JI:   '«.».->.  4i).  92;   '0«').  1H4;   '97.  ^VJ;  llanscll.  iM'orjfo, 'IW. 'J:ft». 

'HS.  IW;  "W.  129.  141:   '«)().  1')".  Harbor  at  the  south  entl  of  Lake  Michiiran* 
Golden.  M.  J..  ''Xk  48.  UK);  'OS.  St);  '\*X  77.  S;^.  ■«)<».  8.i. 

<ioldi«borouKh.  W.  K..  '&'»,  79;   '1»«>.  97.  Hathaway.  A.  S..  '91.  :»7.  rvJ,(i5;  '92,  iSn  '9»i,  8r»; 
Gordius.  '^rj.  124.  '97.  117;  •9S,  Km. 

<ioM.  W.  F.  M..  •t»2.  24;   '9."..  271.  27:i:  '94.  39;  llatt,  W.  K.,  '%,  (W.  SS,  97;    'IC,  LU  l.-^l;   '98 

'95.7');  '9H. ')9.  H«;   '9^.147.149.  ir.7. 

■Grandeau's  method,    modifiralion    of,    '92.  Hay,  0.  P., '91,  32.  KXi.  1J»,  144; ''L*.  02,  72;  '93, 

W>.  ♦W,  »>9. 

(irnnt  beaver.  '91.  lV>.  Hay.  W.  P..  '91 .  147:  '92.  m,  144;  '*W, (59. 

Grape  siiffar.  cllect  on  bacteria.  '9').  H.'y.  Hoacock.  K.  H..  '*M,  129. 

<}raphi('  methods  in  elementary  niathemat-  Heat,  effect  of.  on  muscle.  '9-'>,  I'W. 

ics,  '(*).  ^Nt.  Heatinjr  effects  of  coals,  '\*t),  11"». 

Graphical  solution  of  the  higher  equations,  Heitrht  of  the  atmojjphere,  *91.  25». 

'91.  r>7.  Heiney,  W.  N.  '(«>.  197. 

Grasshoppers,  black -iejfjred.  'l>2, 13.').  Heloderma  >u.-pe<*tum,  *91, 152. 

•<Jrassh«»ppers.  black->i<le<l.  '1*2. 12-'>.  Henry  County  flora.  '9^,  'J). 

<iras.shopper>.  common  meadow,  '92,  V^K  Henry  County   prehist«»ric  earth  works,  '91, 
<tras?hoppers.  coin'-hc:idc«I.  *92.  113.  «i»<. 

Gras.shoppers,  preen.  '1»2,  92.  112.  Hepaticae,  *9:5,  'U. 

(Grasshoppers,  lance-taih'd,  •*i2.  12H.  Herba<e».us  plant-, -eediinjrs  of.  'W,  11»>. 

Grasshoppers,  <ljield-baik.  *92,  \'^K  Herpestomus  pjutidlae.  '92,9<». 

Gra»hopper-,  .•'lender  meadow.  '*.»2.  114.  Ileronrie>i.  '97,  19S. 

(ira.'.shoppcrs.siM.tfcd  winirlcs-,  '92,  142.  Hes^ler.  U.)bcrt.  '92.  Si*;  '93. '^.S;   '\^\,lhy;  'ir;, 
(ira\it:ilional  a"r:iction.  A.  W.Dutf.  **'"»,  "vS.  i^S;  ".  (»,  71. 

(iray.  'i'ho>..  '92.  'Ji.  J»'.:   '•»•,.  2iv>.  2j'.9:   '9I..VI:  Hetcnidon  plntirhinos,  breeding  habits,  cte. 

'IC.  .•■.■..  of. '91.114. 

<ire.it  lake-.  '91.  J'.".  Hitrh  s<dn»<d>,  relation  of.  to  binlopical  sur- 
■Green.  K.  L..  '9l.  'V'k  M'V,  ''•:*..  V-'K 

(irejrir.  .1.  ('..  'mi. '.»].  Histcre<is  curve<.  '91,  (V.. 

(Jrinnellia  Ahmm  j.'.ni.i.  ''M.:V<.  ll<>fl'min-e»r»ria,  the  ircnus, '9l,  2'.»,  79. 

(f  ro<b««ak.  cN  ct.iiii;.  "'l.  i''>.  H(czn<>«.(.d    vnakc,  bn-cdjuj:   habits,  etc..  of, 
(irowth  in  the  leiiirth  .iii-l  tlii-kiie^v  ..f  petiole  ''.'1,114.  IH. 

id"  Kichnr.li  I.  •'.'•..  J.^..  llol...,tomidic.  ••h-,.l»24. 

<;ryllidne.  '91.  IJ-I.  '::.  )■>.  H.,lt/.nrin.  «'.  L..  ••'1.7'.'. 

(iryllidae  ..nii.|iii.:i.  ''.':.  IJ'l.  II. .m-. porn-  -p..  '*»2.9l. 

<;ryllidae.  kev  »..  l;iiiiil>.  "'.»;.  12.  M.-i-kin-  ^'a-Lle  l:ib..ratory.  ''.••'i.  4.'>. 

Gryl!..tMl|.:i.  -.M.  1>.  :_'.'.  I"^-.  Il.,«t  p::n.t>, -oldiliMinl  !i>t  ..f.  '-.U.  l-'a 

Gryll..t-ilpa  l...re-.li«.  •'•:.  !:'.l.  llou.,'  I  ..-,(.  f..r  l.i-.loKi.-al  work.  ••»'.'.7->. 

GryllotiJ|.:i  l.rc\  i|.ei!iii-.  "'.'1.  1'^'.  Il..y'-  u  Mt«-  M-h,  nr  mo««n-eye.  rcii^covery 
Gryllot'ilp:!  ('..liiiiil.i:nri.  "'.'l.  1  '1.  of.  ""i,  ;«i:-:. 

(;ryll..fal|.a  lniit:i|Mi.i.i>.  •■,'!.  lU.  Ilul-binl,  <m.u.  C.  ''.•).  77. 

Gryllu.-..  ''.M.  r>.  I'.J.  ]■'.'..  lluM.:ir.l.  .1.  W..  •••2.<;.;. 

tirylhi- Ml.l»re\  ii'ii-.   '.'l,!'.!!.  I'.J.  1;;7.  Hu'U'.n  Hi\  er  or  ('iii«'innati  ^:roui», extent  of, 
Gryilu.o  In.Min«.ii».  ''.«].  ll'..  *'.'1.»".h. 

(H-ylln^  PeMi!<>l\ni.i.-u-<.  ''.'1,  I'd.  Ilud«..n   P/ncr  .lei...sit>.   ''.*2.  2»'.. 

(iuaymn-.  ti>lie»  of.  "'."'.J'..  HipIshm   Uiver.  in.iition  of  upper  limit-*  of, 
(JuilletMot,  nnmiiich'-.  '".'7.  1^>.  ''.>!. '■.'.'. 

Gyros. -oj-e.  the  bi.  y.].-  whe.-l  as  a,  ''«>.  '.»].  Hu.l.-..n    Ki\er,  Owen.  IV.. f.  Iliehar.I,  vieWM 

..t,  •■•1. '•.••. 

HAIHTS  nr  TrUTLKS.  •'•.•,.221.  Ihinni^  in  ^..il>. '.'■J.  l.-i. 

Ha.i<>n..e.  Ml- .•.•i\.Mii:Mum."''2.  l"''..  Hn-t.-n.  H.  A..  '*.M  .■»'.,  "-T:  "i^i.  1«'h'>.  '9t.  .'d,  .'.2; 
Hadley.  Aldeii   II ..'■.»:.  Ix  :.  ''••■..  Kd.  112. 

Haemairl.'bjn,  ''.»'•.  li»l.  liy.Jra  fus.«a,  '91.  21. 
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Ilyilraulic  ocmeiit.  'i'S,  170. 

Ilydniziiiie!'  of  benzoin,  .•(terooiMMnorisni  of, 

Ilyilnicyiinii*  ii<-i«l,  dctct'tion  of,  "•.«,  2iV">. 
Hy<lrofrniiihio  ha^in.x  of  Indiana.  '*.«•>,  247. 
ji-  Hydroxy-dihydro-ciscanipliolytic  acid. 

•I*.  lt?0. 
Ilyle>*inu!«  trifolii,  '92,  W. 

HyiDfiniipliery      pnraHiten  reared  in  Indiana, 

lis-t  of,  *1»2,  Hi». 
Hypnotism,  *1U,17. 
Hy|>(»doru8  cfdunibac,  '\K*,i^. 
IIyp>>onietrii!    distribution  of  Vivaitaridac, 

'«i,  22.'). 

TOE  FORMATION  OF  LAKE  WAWASEE, 

'%.  280. 
Ice  sheet  in  Indiana,  receMion  of,  '00, 181. 
IchthyoloRy.  'IM,  71. 
Ichtbyoloffical  features  of  the  Black  Hills, 

•92,  73. 
Ichtbyol(»fical  survey.  Illinois.  '00, 170. 
Idaho  lakes,  the  red  fish  of.  '94.  W, 
Illinois  iohthyotogical  survey,  methods  and 

extent  of,  '00. 170. 
Impact,  study  <»f.  *97.  90. 
Inarching  of  oak  trees,  'IC,  171. 
Indian  camping  sites  near  Brookvillc.  '1^, 

54. 
Indiana  Academy  of  Science,  active  mem- 

bernqf  ."t^^  members, 
tndtanii  Ai  [tJemy  of  Science,  by-laws  of,  see 

by-laws. 
Indiana  Acailemy  of  Science,  committee  of, 

■e«eoraiD  tkci. 
Indianii  A^idftiny  of  Science,  complete  list 

of  otficerc  see  officers. 
Indiana  Academy  of  Science,  constitution 

of.  see  constitution. 
Indiana  Academy  of  Science,  fellows  of,  see 

fellows. 
Iniliana  Academy  of  Sficncc.  non-resident 

member.",  ."(cc  members. 
Indiana  A<'adcmy  of  Science,  possible  rela- 
tion of.  ••»6.54. 
Indiana  Academy  of  Science,  pre.-ciit  officers 

of,  sec  officers. 
Indiana  .Vcadcmy  of  Science,  work  and  pur- 
poses of,  'i»5.  7. 
Indiana,  a  century  of   changes,  prc^ident's 

Indiana  Acridiilac.  '*.M.  15. 
Indiana,  additioni  to  Hora  of.  '00.  l:-«>. 
Indiana  birds.  ••»!.  10. 17.  20.  2.'».  1<>4:  "w?,  K.2. 
Indiana  bir«is.  notes  «»n.  'i".*.  14!«. 
Indiana  bird  li»t.  ''.t;.  2U. 


Indiana,  botanical  work  in.  '•.»!,  17. 

Indiana  buttcrtlics.  ''.'I.  l").  31. 

Indiana  caves,  'Hfi.  .>!. 

Indiana  ••omhidogy.  "iM.  2»». 

In<liana  «T:iyti>hes.   iH.  147. 

Indiana  .tow  rousts,  ''.C  17.'). 

Indiana  erasta<*cans.  ''.'l.  22,  147. 

Indiana  eryptoijanis.  additions  to.  'l*>,  171- 

Indiana  dra»f«int1ies,  '00.  173. 

Indiana  carthi|uakc.  '*.M.  I-'). 

Indiana  cntom«'Io^y.  ''Jl,  14. 

Indiana,  Ericaceae  of,  'iC,  1C^\. 

Imliana  erosion,  '^♦1.2K. 

Indiana,  fault  structure.  '07.244. 

Indiana  feeding  material.  'vn,23. 

Indiana  fishes,  ''il.  23:  *(K).  1»>7. 

Indiana  forest  trees.  '91,  IH. 

Indiana  flora,  additions  to,  '91.  22.  2.'). 

Indiana,  flora  of.  '97.  158. 

Indiana  flora,  origin  of,  '91, 17. 

Indiana  flora,  peculiarities  of,  '91, 18. 

Indiana  fungi.  '91.  20. 

Indiana,  (ientianaceae  of.  '*.I7. 168. 

Indiana  geodetic  survey.  '91. 17. 

Indians  geography.  '91.  28. 

Indiana,  geological  notes  on,  '\^,2fi2, 

Indiana  geology.  '91. 15. 

Indiana,  geological  section  of,  '97,  2!0. 

Indiana  (tryllidae,  '91, 15. 

Indiana  heronries,  '<»7. 198. 

Indiana  herpetology,  '91.  24. 

Indiana,  hydrographic  basins  ami  molluscan 

fauna  of.  '96.247. 
Indiana  insects,  injurious.  '91..^. 
Indiana  invertebrate  zoology,  '91,  23. 
Indiana  lakes.  '91. 18. 
Indi.tna  liehens.  '91,  li». 
Indiana  mammals.  *91.  20;  '94,  81. 
Indiana  mammalogy.  *9l,  2x. 
Indiana  meteorology,  '91,  2S. 
Indiana  mildews.  '91.  17,  1»U:  '98,  21>1. 
Indiana  molluscti.  ''.C>.  l.'V). 
Indiana  Orchi<laecae.  ''.C»,  l'.'**. 
Indiana  ornithology.  '[*L  1«). 
Indiana  parasites.  *9'».  IPs. 
hxliana  phaneroKams.  '*Xu  1»?9,  ls:l. 
Indiana  physios,  'ol.jri. 
Indiana  plant  ru>ts.  ''.is.  174. 
Indiana  reptiles  ami  amphibians.  '9l.  16. 
Indiana  r^»rtd^.  the  trouhh;  with,  'OS,  75. 
Indiana  ."lircws.  ''.'1.  17.  164. 
Indiana.  stjir-nose<i  iii*de  in.  '01.  VK 
Indiana,  statistical  invoticiitioii.'-.  ''.'1.  I'.'. 
Indiana   liiivcr'-ity   biol(»iri»-:iI    •tatimi,   '.'5.. 

204. 
Indiana,  wood  ibis  in,  *0l.  ]«•. 
Indigenous  plant^.  water  '-nltuies  of,  '•.i.  60. 
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Indurntion  of  tertiary  rocks  in  Northeastern 
Arkansas.  'M,  2V.K 

Infection  by  bread,  '^»').  46. 

Infection,  contest  jigainst.  '91.28. 

Infiltrating  and  :*tainir.K  in  toto  of  heads  of 
Vernon ia,  method  of,  '04. 120. 

Infinite  system  of  forms.  '*.♦?.  HO. 

Infinity  and  zero  in  alfcebra,  '91.  20. 

In  memoriam.  '97.  20;  '9S,  2J. 

Inoculation  of  animals  with  yeaits.  '%,  180. 

Insect  increase  and  deorca.'^e.  '91,  31. 

Insect*,  injurious,  earliest  published  refer- 
ence to,  '91.  irvS. 

Insects  of  Tasmania,  *91.  r>H. 

Integrals,  reduction  of.  '97.  112. 

Integrations,  some  theorems  of,  '91.  C<\. 

Invertin  fermentation.  '91.30. 

Ionization  experiments,  '^♦l'.  9S. 

Iron,  autogniphic  method  of  testing  mag- 
netic qualities  of.  '9:^.  2t'i\». 

Ischnoptera.  '\^2. 1")5.  15*<. 

lachnoptera  bivittata,  '92.  lt»2. 

Ischnoptera  penn.«ylvani<*a.  '*.>2.  158. 

Ischnoptera  unicolor.  '92,  1<>«I. 

Isoetes  macrospores.  '91.  17. 

Isopyrum  biiernum.  symbiosis  of,  '9"i.  254. 

Isosuia  in  In<liaT»:i.  '98.  227. 

Isthmus  of  Panama.  '91.24. 

JASPKIl  COUNTY,  observations  on  glacial 

drift. '91,  4:i. 
Jeffer.-on  Touiity  birds,  '91,  2;i. 
Jefferson  County  l)uttt'rtlies.  '91.  22. 
Jefferson  County  rystidian.^.  *l»l.  2*i. 
Jefferson  County  w.-i^ps,  '91.  23, 
Jefferson  ia  diphylla.  einbryo-5ac  of,  '91,  131. 
Jenkins.  .1.  N.,  '94,  «)«'•. 
Johnson  County  ^eo.  section.  '91,  17. 
Johonnott.  K.  ^..  .Ir..  'ici,  lln. 
Jones,  liCe  H..  '*.»7.  2-'>7. 
Jones,  Walter,  *92,  li".<>:   ''.'4.  '2. 
Jones.  \V..I..  .Ir.,  •\^k  112. 
Jordan.D.  .<.,  '91,21:   "^t',,  71. 
.ludny.  Chancey,  ''.«>,  •>7. 
•Tug  rock.  'O'^.  JiW. 
Juglan>  nijrrn.  "I'l.  2">. 
Junco  hyernali^,  ''.'1.  !•'•}. 

K \ K  K RL  \ C  A  M 1 : lU r  A  N  A ,  '92,  1  -.7. 
Kakerlai-  ori«'ntJili>.  ''.'i,  I'lO. 
Kankakee  Ki\rr.  "'.'l,  .".'.». 
Kankakcf  >:ilrnn:iH'h!r,  'iki.  ]im. 
Kankakee  V:ilh'y.  '^'1.  :«>:   '9>»,  J77. 
Karyokinosi-  in  the  cn)bryo-s:ic,  '9S.  1»>1. 
Katy.lid^.  *•.•_'.  92, '.•7. 
Katy.lid,  broad-wincred,  '^•2.  liK>. 
Katydid,  fork-tailed,  ''.»2.  lOl. 


Katydid,  larger  angular-winged.  '92, 107. 

Katydid,  narrow-winged.  "92,102. 

Katydid,  oblong  leaf-winged.  'i>2, 104. 

Katydid,  oblique-winged.  'i>2,107. 

Katydid,  round-winged.  '92,  1<X"). 

Katydid,  true.  'iL».  1(»9. 

Katydid,  I'hlcr's,  '^.»2.  10»'). 

Kelanea.  '«,»1.  "23. 

Kellerman,  W.  A.,  '91.74. 

Kcllicott.  D.  S,,  '91,  liW;  '9o.  242.  251. 

Kendrick,  Arthur,  '9S.  8rt;  'iH),  109. 

Kentucky  fishes.  '91.  31. 

Keokuk  group.  '91, 14. 

Keokuk  rocks, dip  of,  at  Bloomington.  '94,52. 

Kctols   condensation    with    acetophenone, 

'91,  4H. 
Kettle  holes,  '9r>,  5.'>. 
Kindle.  Edward  M..  '92.  72;  '9,3,  l,:)fi;  '94,  49, 

52.  .'>4,  TvS. 
Kirt land's^  warbler,  '93,  224. 
Kizer.  E.  I..  '9S.  -222. 

Knipp.  Chas.  T.,  '9:3,  02;  '97,59;  '(H>.  9*).  91,  95. 
Knobstone  formation  in  Indiana.  '98,  28:3. 
Knobstone  group.  '97.  25.3.  257.  2,58. 
Knobstc»ne  gr<»up,  distribution  of.  etc..  '98 

281>. 
Kn<..\  C(»unty.  cypress  of.  '97.  172. 
Knox  County  plants,  '91.  29. 

LABES  IIYPIlLtJCYBAE,  '92.91. 

Laboratory,  a  new,  '97,  ()5. 

Laboratory,  botanical,  working  shelves  for, 

•91,01. 
LagodiMi,  '91,19. 
Lake  Cicott  and   Lake  Maxinkuckee.  notes 

on  flora  of,  '9(),  III".. 
Lak<r   Cicott,  locati«in  and  topography,  'W, 

117. 
Lake  County,  '\.*^\.  7'). 
Lake  (bounty,  extinct  fauna  of.  '94.  54. 
Lake  .Maxinkurkee.  *97.  5<i;   'IH.  70. 
Lake  Ma  xinkurkie.  flora  of,  'OJ.  124. 
Lake   Maxinkuckee,  locatitm  an<l  toi»offrn- 

Phy.  •*•«;.  Us. 
Lake  Micliiirnn.  '\n^,  72. 
Lake  Ontario,  .intrllni:  in.  *94,  81. 
hake  rei.'ion  of  Northeastern  In. liana,  iien- 

eral  physi.(;rr,Mj.hii-  conditions.  *'.t»i.  149. 
Lake  rcirioii  nf  Northeastern  Indian.!,  notes 

on  the  flora  of.  '\M\.  147. 
Lake  revrioii  of  N..rtheastern  Indiana,  out- 
lines of.  '\H\,  117. 
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Oxyjfcn.  atomic  wri^rht  of,  '91,  27. 

PAt'lIYNElRON  MH'AXS,  '*»2, 1»0. 

Pacific  «leoi)  water  fishesi,  '91,  20. 

Panchlora  viridis.  '[>!,  VA. 

Papilio  ajax,  **.>2.  H.'>. 

]*H|)ili(>  cresphontc!*,  *t»2.  &"». 

Paraffins.  '1»7.  131. 

Parajrordius.  '^'7.  2.';2. 

Parasites,  animal,  collcf'tod  in  State  durinfr 

yenr.  m*^'*^ 
VnrnAlls?  futi   i.  di>tril>uted   by  Staite  liiol. 

.^ur..  feries  i..  '\^i.  ir>4. 
Parasitic   hymcnoptera   reared   in  Indiana. 

partial  list  of.  ''M.  ^K 
Parasite*  in  Indiana,  'U'>,  ir».S. 
Paraxylene-.«ulpljanii<le.  ''.H.  27. 
Paro-nitn>-ortho-sulphamine-benztdc    acid, 

•»»1.27. 
Paroxya  atlanti.a.  '\^2.  118. 
!»arns  bicolor.  '^'1.  1«'.7. 
Par\  us  trroup  of   Inionidac.  'H'k  lOs. 
Pa>tcur    flask,    device    for   supportintr.    \tQ. 

l'". 
lN;:ir  bli^rht.  ''.»7.  l".". 

Pe.n- di>'CM«Jc.  an  in«Tea>in:.'  Indiana.  'IM.  ^7. 
lVdi:i>truni.  u<>U'-  on.  '*.»2.  4i». 
Pein-e.  •;..!..  '!'•■•.  ITJ.  _iw. 
Peirce'-  lincnr  ;i.-.^,M-intivo  nltrcbra,  ''A').  ;;'.». 
Pcll.indr.'i  mi.luliit.i.  '\*\.  VM. 
Pent:i->:lu«M.>,.<.   "'.M.  _»•.•. 
Pentose  .•:irl..>liydrat('-.  diirrstibility  of.    '\i], 

!\Mi(Mii.-ity  in  thrnn<iini'tcr.-.  ''.'1.  2ti. 
lVri...li.'ii>  of  to'.t  i.rcvHirr.  '".M.  It;',;   *'.»1.  2'». 
Peri|»lancti.  ''.^2.  l-^-.  l-r.. 
Pcrtjjhii'et.i  iiinrriciM.i.  "^•"J.  1"'7. 
Pcripl.inet.i  '•ii«Mit!ili>.  ''.»J.  1">»». 
Perk  IK  syiitlH-i>.  "''l.  1  J. 
Perm  itit-'Miiii-  :i<id.  "m  ;.  JoJ, 
Pcrnu-altiliiy.  in«M-iir«-in<iit  of.  "*.«',.  s:;, 
Petr<»l.'uin  in   -■•nthw.-.-.i  Itolinna.  ''.'],  .i". 
Pb:il-Mi::..|,-i.  l-tpili.-..!:..  '•.•_'.  117. 
PbiI:i!iL"i|>-i»  niM'Ul.-it.t.  ■'.'■J.  112, 
PliiiMToiTMnii-'  tloiM.  ■',»•,.  17.  lo;;. 
Ph:iT'.r'.i:  nni'-  llor.i  o!  the  St;ite.  rrvi>ion  of. 

V\i  inei..;r;nn-  of  ln'li:in;i.  ''.•"..  liI'.K  Ivl. 
Pli:n'..r'.;::i'n»  ju-w  or  rare  to  tlie  .^tate.  notes 

on.  •'•;.  1  •.". 


Phancroptcra  augustifolia,  'l»2.  102. 

Phaneroptera  curvicaudn,  '*.*2,  99. 101, 102. 

Phaneroptera  septentrionali.s.  '92,  99. 

Phancropterinne.  '1»2.  *,»<),  97. 

Phaner(»pterinae.  key  to  {^enora  of,  '•,»2,  9S. 

Phasenicter.  Rayleisrh's  alternate  current, 
'00.  110. 

Phenyl  compcnnnls.  '95.  88. 

Phenyl-hydrazin.  action  on  furfurol,  '91,57. 

Phosphate,  a  new.   '94,  52. 

Phosphate  of  alumina,  *91,  23,  .57. 

Phosphoric  acid,  '91,  2:i.  57. 

Phosphorus  in  steel,  volumetric  determin- 
ation of.  ''U.  51. 

Pht)to8:raphy  without  camera,  '91,34.27. 

Photometric  methods.  '91.  2;5. 

Photometry  of  oil,  "IC,  5i). 

Phot«»-microKraphic  aitparatus.  'iC,  7S. 

Photomicr«»»rraphy,  '91.  1«;  'iO,  4,S. 

Pliotomicrojrraidiy.  as  it  may  be  practised 
to<lay.  *oO.  M. 

Physi<-al   jreojrraphv.  aids   in   teaching,   '00, 

i\n. 

Phycis  indiifineila.  *1«2.  xy. 
Phycomycetes.  ''.Ki.  M. 
Phyllodromia.  'i»2,  IVi.  1«)2. 
JMiyllodromia  >rernianica.  '*.»2. 15l».  ItVJ. 
Phylloptera  laurifolia.  ''.ni,  107. 
Phylloptera  oblonjfifolia.  '^0. 104.  ia5. 
Phylloptera  rotundifolia.  *l»2,  107. 
PhylloM'irtus.    'IM.  12\  i;i7. 
Phyllo>,-irtu>  pulchellus.  "iU.  137;  'inl,  US. 
Physical  features  of  Turkey  Lake.  'H5,  21»). 
Physical   K<'o|fraphy,   aiilr;  in   teaching,    *99, 

54. 
Phy>i..lojfy.  '".♦l.  »<2.  91. 
Pliylonoiniis  i»unctatus,  '\^1.  84. 
Phyti>pliajru>    cole<»ptera.   Tasmanian,     '91, 

l»w. 
Pica-.  •;•!,  .'.o. 

Pimcpb:ilc>  not  at  us.  ''M.  233. 
Pinu>.  ar«lH'K'oniunj  and  apical  growth.  *'.♦!, 

Pinu>  >ylvc.-tris.  "Hi.  2«». 

Pieces.  '\K\.1\. 

Pith  cell  chanifcs.  ''.••>.  172. 

Plantac.  "i'l.  «Vs, 

Planf.ijin,    :in:«lytic:il    key  to  .species  of.  '%, 

I'.'l . 
Pi.intiiro  niiniiiiM.  n"V.  sp..    *'.•»».  202. 
Plantajro  rubra.  no\ .  sp..    '\Hk   201. 
Plantau'o.   \  ihic  ..f   -ecil    ••haracter''  in  de- 

trriuinini:  .-pi-'ific  rank,  ''.M.  ri7. 
Pbint  iy«'  viijriniana  and  i>atagonica,  certain 

clicmi.al  feature^  'd'seed-.d'.  'iM.lil. 
IManf   curvature!.,  measurement   of  strains 

induce<l  in.  '\U,  1:'>0. 


242 


Plant  proiliu-t!'  of  the  I'.S.  Phaninicopoeiii 
(1»K)).  '94.  lOS. 

Plant  lonf."  tif  Arizona.  ''.'I,  iC. 

Plants  colleftol  near  Crawfordsville  tlurinf? 
the  year.  '•♦4.  «v'>. 

Plant",  midxinnincrof  !«outhcaj»tern  Tennes- 
see. 'QiK  U.\. 

Plants,  special  senses  itf.  '•.<*,  liOS. 

PlantM.  variations  of.  '«.»1. 14. 

Platainodes  iiennsylvanica.  '•.»2,  15H. 

Platamodes  unicolor,  *l»"J,  1<>0. 

Platyiraster  error.  *1»2.  lU. 

r:^...    ]  1;^     .u   .'_.  ^'k  '%.271. 

Pkodwrin        lifori>ica-  'iCi,  W. 

Plum  e*  fantfui  'ill  14. 

Plutella  rnuifHrnTani,  *iC+^ 

Pogonia.  r^tntt  *yslL*m  ttf,  '•.»4,  Vi^t. 

Poinsett  1    i.e,  'ii^«.  17'<. 

Point  invariants  for  the  l^ie  groupn  of  the 
plane,  'iw.  ll'.>. 

P«»int  P  and  its  properties.  '•.*i»,  i*0. 

poison,  absorption  of.  by  dead  animal 
tissue.  '\<i.  'iiW. 

Poison  effects  «ifCyprepediuni  spectabile.  '1*3. 

Ptdsitnous  influences  of  *ome  species  t)f 
Cypripedinm.  'IM,  l'^>. 

Polygon  in  in.  •'.»!.  IH. 

Polygoninin.  cleistoganiy  in.  **.»!.  •.♦2. 

Polygonum  aniphibium,  'in;,  l:V>.  lio. 

Polyporoid  fungi.  ''M,:M). 

Polyporus  lucidus.  variations  of.  *«M,  l.'fJ. 

r.ntrihiii.r.H.  histology  ot.  'iti,  2:14. 

P<»richthys.  phosphore>cent  organ  t»f.  "m,  Ll>. 

Porifera,  'm.tW. 

Possible  relation  of  Indiana  Academy  of 
Science.  "IHi.  .'»4. 

Potassium  sulfhydrate.  action  «»f.  upon  cer- 
tain ar«»matic  chl«)rides,  *1»4.  VJ. 

P<itato.  as  means  of  transmiting energy,  *1»1, 

Potato  tuber,  'IM.  14. 

Potential  functions,  history  of.  'i'l.  Tm. 

Potter.  Theodore.  '91.  144:  ''.ni.  rt:5. 

Prairie  rattlesnake.  *1'1. 147. 

Preglaoial  erosion  near  Richmond,  'l^i*.  27. 

Prehistoric  earthworks.  *l»l.  •»■"•. 

Preliminary  list  (►f  binls  of  Hrown  County, 

•m.  Us. 
President's  address.   't»l.  X\i  '«rj.  Vk  'Hi,  iSi"); 

•i»4,  17:   'H"».  Ml:  'y»>.  ^i.*?;   '^'7.  :»'»;   "l*.  :v'>;   'l*'.*. 

81:  '00.  HI. 
Price.  J.  A..  ''.»7.  lV.2:  '««,  *J«5>.  'ilT).  17i»,  ISl. 
Price,  F.  M..  'W.  W>. 
Prime   numbers    in   a   bi<|uadratic    number 

fiebl.  on  de<'i»mi»o''iti<»n  of.  '<N»,  l(i5. 
Pr«»ceedings  of  annual  meeting.see  meetings. 


Proceedings,  law  concerninjr  publictition  of 
.-ee  act  to  provide  f<»r  publication. 

Program  of  lsl»',.  ('hri.otma."  meeting.  '*.^'>.  24. 

Program  of  12th  annual  meeting.  *^*».  2'». 

Proirram  of  l-Mh  :i":unl  meeting.  'm7.  27. 

Program  ofHtb  annual  meeting.  *l»K,  27. 

Program  of  loth  annual  meeting.  *lt'.  2i*>. 

Program  of  l«>th  annual  meeting.  '<">.  2S. 

Propagation  ai!<(  protection  'if  game  and 
fish.  *ee  act  to  protei't.  etc. 

Pr<»po.«ed  new  syslenjatic  botany  of  N.  A.. 
•«M.  l:l{. 

Protonotaria  cilrea.  ''.U,  l»i'». 

Pnit<»plasm.  circulation  of.  *•.».'».  U'>. 

Protoplasm  in  mucor.  *iM.  II. 

Protoplasm,  movement  of.  in  hyphae  of  a 
mould.  'iiO,  1")7. 

Pseudophyllinae,  '1»2.  'M\.  10<.». 

Psychic  phenomena.  't»l.  HI. 

Psychological  laboratory  of  Indiana  I'ni- 
versity.  'i>4.  42. 

Ptarimgan  of  the  Allcutian  Islands,  '1>2.  7S. 

l*teridophytes  in  Indiana.  '?»H,  2"i4. 

Pteniphyllai  rnK^-no.  '«»2.  10i>. 

Pteropoda.  ''.•!.  OS. 

Publication  of  pro«'ee<lings,  >ee  act  to  pro- 
vide for. 

l*uccineae.  '*.♦!.  l'>. 

Purdue,  A.  H.,  'iM.  4:U  '1>">.  'd:  'iii.  r«s. 

Purdue  engineering  laborat«»ry  sin<"e  the 
restoration.  'iM.  .*tt». 

Puniue  experimental  locom<»tive.  '^•2.  24. 

Puniue  I'niversity.  laboratory  of.  ''.O.  2(>. 

Putnauj  County  tishes.  '1«1.  2.H. 

Putnam  County  flora.  'Hi.. Ho. 

JNitnam  County  plants,  ''.U.  'Sk 

Pygostotu."  americanu>.  ''.»2.  i»l. 

Pyrone  anil  pyridone.  from  ben /oyl  acetone. 
•i'1.4S. 

glAHTZ  SrSPK.XSKLNS.  '«»2.  25. 

guaternary.  'l»H,  1^4. 

guateruittn  an«l  analytical   treatment;-.  *V*2. 

21  ►. 
guarterni«»n  integrations,  ''.'I,  tiS. 
Quereus  <'oocinea,  ''.0,  llo. 
Quicksand  pockets.  '♦,•7.  iU. 

RAKINKSt^'K.  SKKTCH  oK.  ''.M.2I. 

Railway  hreak-sijoi-s.  friction  of  under  var- 
ious conditions  of  pressure.  >peed  and 
temperature,  '•m,  l(Hi. 

Ramsey.  Karl  K..  '«n>.218. 

Ranilolph  County,  recently  opened  burial 
m«»und.  'IM.  4r.. 

Randolph  uuifit«Mlon.  ''.«•'..  277. 

Range  of  the  blue  a-h.  'W.  107. 
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Ranf«oin.J.  II.  '(UMin. 
Kaiiuii('iil:ic('a\  cinUryiilojfy  of,  'm,121. 
Kaphidophorn  lapi'li^-ola.  >J.  142.147. 
Kaphidophoni  macuhita,  '\^1.  14'J. 
Rapbidophora  <ul»ti'rran«'a.  '\f2.  l').!. 
Raphi.l(.ph<»ra  sty»rius,  VJ.  US. 
Rattlet»iuikes,   bn'0«lin}j:  haliits.   el<.'..  «»f.  'Vl. 

107.  U«>. 
Raven  in  In«liana.  'ir.  l.*ol. 
Recent  :irrh!Vi»lo(;»t!«l  «li>oovfries.  '*»1.U«. 
Recent  niethnd-  of  ileterniinatiou  of  phos- 
phoric aci<l.  ''.»1.  .">7. 
Reddick.  G.. 't>5,LV>l. 
ReddiuK.  T.  B.,  ".'1.  76. •.»*<:  ''.ni,  r,2.  H. 
Redfi:»hin  Idah.»,  M^-J,  1:51. 
Red-fish,  the.  of  l.laho  lakes.  'iH.  W. 
Red  mould.  't»s.  2i»i. 
Redi.'«c<)very  of    Hoy'?  white   fi?li   or  moon 

eye,  Mt4.  l(i:i 
Refractive  index,  value  of.  '91.  31. 
Registration   for  antbropolojriral    purjmses. 

'y^x  5.'.. 
Regular  polyvron,  on  method  of  inscribing, 

'98.  \^1. 
Relation  of  hi(;h  .schooiss  to  tlie  biological 

survey.  ".♦3.  IW. 
ReIii?ion  an«l  ct»ntinuity,  '91.  2:?. 
Report  annual  meetinjrs.  see  meetinjcs  an- 
nual. 
Roport.  (fir.st^  of  biolotrical  station.  '95,  2Cr2. 
Report  of  progress  of  botanical  «iivision  of 

State  bi(dogical  survey.  '94,144. 
Reptile!:>  and  batrnchianf«  of  Wabash  County, 

'94,  HO. 
Reptilian    fauna  of  Vigo  (\»unty,  mdes  on, 

'94,  C^s. 
Rettger,  L.  .1.,  '^ti,  :.4.  lilM:  '(K),  1«;7. 
Reversal   of  currcMt.  in    the    Toepler-lloltz 

electrical  njaohinc.  '91.  47. 
Revision  <>f  the  phanerogamic  flora  of  the 

State.  ".M.  <"^i. 
Revision      of    the      specie."    of    the    gonus 

IMantago  or<MirriiJg  within   the  1.  S.,  '<«'», 

Rhyssalus  loxotenise.  •*.»-J.  89. 

Khin«)ptera,  new  >ptM-ie.-  of,  '91.  2(i. 

Rhynchoi)hora  'ra*«inaniiin,  '91.  1»W. 

Rhyssematus.  iineaticoljis.  '*»2.  s<«. 

Richardia.  growth  in  pctitdc  of.  '9.!,ll:>'). 

Ridglcy,  I).(\.  '9:*..  7i>:   'If..  JIO. 

Ripley.  <i.  K..  •9m,  l.;9. 

Hiver  bends  and'.blutfs.  'tK>.  I'.i7. 

Rivers,     method     of      determining    sewage 

pollution  ..f.  '91.  III. 
Roberts,  (ie...  L..  '9»,2:i7, 
Ro.k  flexure,  note-  on,  '91,  49. 
Rotients.  growth  of  incisor.  'IHl,  22ri, 


K(M)t  pressure,  apparatu."*  for  periodicity,  *^l* 

28. 
Root  pressure,  periodicity  of,  'W,  143. 
Root  sysitMU  of  Potonia,  ''.M.  123. 
Rotary  blowi-rs,  '••'J,  '2r». 
Rothrork,  h.  A..  '98.  119,  i:r.. 
Rotifera  of  Turkey  Lake.  '%.  242. 
Round  and  Shriner  Lakes,  bicdogical  e<>ndi- 

tions  of.  *9*Mrd. 
RoyM'.  Daniel.  '9;i,  274. 
Roy.M«.  .1.  S.,  '94,  61. 
Russian  thistle.  '96.224. 

SACCll  \Ro.MYCKS     ANOMALIS     IIAN- 

SKN.  '<>•.».  111. 
."^ailor  spiders.  '91,  2"i. 
Saitis  pulex,  '^ni.  W. 
Salamander,  a    new    species    of  cave  from 

Ozark  mountains,  'tKi.  167. 
Salamander,  Kankakee,  "(X>.  1«V"). 
Salaman<lcrs.  lungless.  '97,  2<kr>.  2i>6. 
Salix  rordata,  'It',  121. 
Salt.  '9:;.  17H. 

Salt  t'reek.  hea<l waters  of.  '9l>.  1»>4, 
Saltitoria,  "iL*,  92. 
Salt-rising  bread.  *9I,  12l>. 
.Sandwich  Islands,  fishes  of.  '91,23. 
Sanitary  science.  '9.'>.  49. 
Sap  circulation.  *91.  2»>. 
Saprolegnia  ferax.  '93,  237. 
.Sawtooth  Mountains,  birds  observed  in,  '94^ 

8(1. 

Saxifragacene  of  Indiana.  '94,  ln3. 

Scales  of  Lepidoptera.  '91.  Ifi8, 

Scaphiopus  h(dbrookii,  *91.  2l>, 

Srheurh.  F.C.  '9L.V2. 

."Science  and  the  state.  *!*>.  ."n. 

Seovell.  .1,  T..   ''.»2.  2*>.  Txi,  .V) ;    '94,80.99;   '%, 

:A,  ^\  126,  l.il  :   '97,  o6 ;   '98,  70.  274  ;   '(H),  124. 
Scu.blcria.  'tL'.  9X. 
Scudderia  augustif(dia.  '92.  102. 
S.uddcria  curvicauda,  '92,  9i),  lOO,  l(r2. 
S«ud.(<ieria  furcata,  '*.>2,  101,  152. 
Scuddrria  furculata,  '92.  W,  1(H). 
Seuddcria  pistil  lata,  '1»2.  ir»2. 
Sea  ton,  II.  K.,  *9l,K(). 
Sectioning  woody  tissues.  '93.  2.*V4. 
Si'dum  ternatum.  disappearance  of.  '99,  14.'). 
Si'cd   (•hararter-^.   value  of,  in    dotermininff 

sitecific  rank  in  gmus  IMantago.  '94.  67. 
Se«Ml«*.  formalin  on.  '97,  144. 
Soc<ls    of   IMantatro    viririniana    and    pata- 

goni<a.  certain   «-hemical    features  of,  '94, 

121. 
Sei^mology.  '91.  26. 
S«.'iam«>seoi»e.  *91,  *J>. 
Selby.  Aug.  D.,  '91.74. 
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ftcwjijr*?  iiollutioii  of  rivers,  inethoil  of  de- 
termining. '91.  10. 

Sexual  organf.  (.Icvelopnient  of.  in  Cymato- 
yaster.  '94.  l;i8. 

8haaf.  Albert.  '()»,  179.  IMI. 

Shaft  friction.  'W).  ?.». 

.Shannon.  W.  P..  '92.  49 :  ''.M.  5.^  Krr,  l.'W) ;  '%, 
lV3.'271. 

Sharp,  I.  W.,  -91.  Xi. 

Shaw.  James  Kyrnie.  '95.  59. 

Shelby  County  earthquake.  '91.  27. 

Shell,  a  Korget.  '90.  81. 

Shell  mound,  a  Florida.  '91.  4K. 

Shepherd,  .J.  W..  '98.  UV>;  '99.  \*\. 

Shrew.''.  Indiana.  '91. 101. 

Silurian.  '9:^.  1H5. 

Silurian  ?ei*tionr*  in  Eastern  Indiana,  corre- 
lation of.  'iM.  (>4. 

Silvanui<  Hurin  amensiK.  *92,  91. 

%Simulium  meredionaic,  *91. 15-S;  *92,  Xi. 

Simulium  pecuarium.  '91.  l.")8;  '92.  ST. 

Siphonophora  avenal,  '92.  W. 

Siphonophora,  cucurbitaphidi?*.  '92.  \HK 

Siphonophores,  '91.  2M. 

Si«Jtrus«ui<.  breeilinur  habits,  etc..  of.  *91.  Hi*J. 

Skew  .sui faces,  third  an<l  fourth  degree.  '95. 
57. 

Slick.  E.K..  -92.91.117. 

Slonaker,  J.  H..  'iV,,  'm:  'l^.  2.5:i ;  M»*».  \U\; 
•««).  107. 

Slopes',  weathering  of  north  and  south.  ''.I'. 
I«i7. 

Smart.  R.  A..  '<«».  1(h>. 

Smith.  Alex..  '91.  40.  4.S ;   'iU.  20«5. 

Smith.  0.  E..  *'.»^.  lul. 

Smut,  experiments  with.  '••<»,  12:i. 

Snake  cactus.  'i»l.  IS. 

Snake*,  breeding  habits  of.  '91, 1«»"..  lJi>. 

Snake>  «»f  Turkey  Lake.  '95.  2«)1. 

Snow.  r»enj.  W..  '92.  '2f).  'Su  2r.. 

Snow  pumping  engine.  perfi»rmance  of,  '\^, 
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Solidago.  '91.  2^5. 
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Staining    in    t(»to    of    heads   of    Vernoniat 

method  of.  '114.  12i>. 
Starche>.  suftceptibility  of.  '97.  74. 
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Structural  jreoli.tric  work  of  .1.  II.  Moans  in 

Arkansa.-?.   Itl,  M. 
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Suhdivis^ion  <»f  power.  Vxi.  't;^. 
Sucrose  in  sorjfhun>,  'IM.  ^H. 
Sngrar  heet  iti  Indiann.  '^U.i'o. 
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Sun  fishes,  '1»1.  1"). 
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ern, 'ou.  n.>. 
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Tests  of  car  axle.  '0«>,  S8. 
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Trvpcta  t:ilt»«a.  "'.'2.  s'«. 
T«-Ui:a.  archoronium  and  apical  growth,  '9K 

T.HUga  canadensis.  '9l,26. 
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VmbellifiTae.  *9l,  28. 
U:nbcllifer.«. 'yLia. 

l'nconi«ci(»us  mcntnl  oorebration.  '95.42. 
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loeoniotive,  '93.271. 
VanderburRh  County  mounds.  '9«».  6H. 
Van  der  Waar>  «M|uation.  'y2.  2.'>. 
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Vegetable  powders,  staining  of.  '00. 120. 
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AN  ACT  rO  PROVIDE  FOR  THE  PUKLICATIOX  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  March  II,  1895.1 

Whereas,  The  Indiana  Academy  of  Science,  a  chartfred 
scientific  association,  has  embodied  in  its  constitution  a  pro-  ^^^^  *' 
vision  that  it  will,  upon  the  request  of  the  Governor,  or  of  the  several 
departments  of  the  Stiite  government,  through  the  Governor,  and  through 
its  council  as  an  advisory  body,  assist  in  the  direction  and  execution 
of  any  investij^ation  witliin  its  province,  without  pecuniary  gain  to  the 
Academy,  provided  only  that  the  necessary  expenses  of  such  investiga- 
tion are  borne  by  tlie  State,  and, 

AVhereas.  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  rend  before  it.  have  very  great  educational,  industrial  and 
economic  vnhu*.  and  should  be  preserved  in  permanent  form.  and. 

WiiEKEAs.  The  Constitution  of  tlu*  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific 
and  agi-icultural  improvement,  therefore. 

Se(  rioN  1.  Hr  it  enartfil  by  the  General  Assfinhli/  of  the  puiju^.^tion  of 
State  of  Indiana,  That  hereafter  the  annual  rei>ort8  of  the  the  Reports  of 
meetings  of  the  Indiana  Academy  of  Science,  beginning  with  Ac^ademy  of 
the  report  for  the  year  1804,  including  all  papers  of  scientific  Science, 
or  economi<*  value,  presented  at  such  meetings,  after  they  shall  have  btH*n 
edited  and  i)repared  for  publication  as  hereinafter  provided,  shall  be  pub- 
lished by  and  under  the  direction  of  tlie  Commissicmers  of  Public  Printing 
and  Binding. 

Sec.  2.    Said  reports  shall  be  edite<l  and  prepared  for  pub- 
lication without  expens(»  to  the  Stiite,  by  a  corps  of  editors  to    Editing 

Reports. 
be  selected  and  api)ointed  by  the  Imliana  Academy  of  Sci- 
ence, who  shall  not,  by  reason  of  sn<h  services,  have  any  claim  against 
the  State  for  compensation.    The  form,  style  of  binding,  paper,  typography 

and  manner  and  extent  of  illustration  of  such  reports,  shall 

Number  of 
be  deti'rmined  ]>y  the  editors,  subject  to  tlie  approval  of  the    printed 

Commissioners  of  Public  Printing  and  Stationery.     Not  less    Reports. 
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than  1,500  nor  more  than  3,000  copies  of  each  of  said  rei>orts  shall  be  pub- 
lished, the  size  of  the  edition  witliin  said  limits,  to  be  determined  by  the 
concurrent  action  of  the  editors  and  the  Commissioners  of  Public  Print- 
ing and  Stationery:  Provided,  That  not  to  exceed  six  hundred  dollara 
(^0<X)j  shall  be  expended  for  such  publication  in  any  one  j-ear, 
and  not  to  extend  beyond  189C:  Proridfd,  That  no  sums  shall 
be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  three  hundred  copies  of  each  volume 

Disposition     „f  gjjijj  reports  shall  be  placed  in  the  custody  of  the  State 
of  Reports. 

Librarian,  who  shall  furnish  one  copy  thereof  to  each  pul)lic 

Ubrarj'  in  the  State,  one  copy  to  each  university,  collejice  or  normal 
school  in  the  State,  one  copy  to  each  high  school  in  the  Stjite  having  a 
library,  which  shall  ma  lie  application  therefor,  and  one  copy  to  such  other 
institutions,  societies  or  persons  as  may  be  designated  l)y  the  Academj' 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  it  may  de- 
termine. In  order  to  provide  for  the  preservation  of  the  same  it  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  desigiuited  as  the  oiflce  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  sai<l  r(»i»orts  belonging  to  the  Academy,  together 
with  th<»  original  manus<Mipts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  e<iuip  the  same  with  the  necessary  shelving  and 
furniture. 

Sec.  4.  An  emergency  is  hereby  declared  to  exist  for  the 
:■  Emergency,  in^ji^^nj^^^,  taking  effect  of  this  act.  and  it  sliall  therefore  take 
effect  and  be  in  force  from  and  after  its  passage. 


AN  ACT  FOR  THE   PROTECTION  OF  BIRDS,  THEIR   NESTS 

AND  EGGS. 

[Anprovod  March  5,  WJl.] 

,  Section  1.    Be  it  enacted  by  the  General  Assembly  of  the 
State  of  Iwiiana,  That  it  shall  be  unlawful  for  any  person  to 
kill  any  wild  bird  other  than  a  game  bird,  or  .purchase,  ofifer  for  sale  any 
such  wild  bird  after  it  has  been  killed,  or  to  desti'oy  the  nests  or  the  eggs 
of  any  wild  bird. 

Sec.  2.  For  the  purpose  of  this  act  the  following  shall 
be  considered  game  birds:  tlie  Anatidae,  commonly  called 
swans,  geese,  brant,  and  river  and  sea  ducks;  the  Rallidse,  commonly 
known  as  rails,  coots,  mud  hens,  and  gallinules;  the  Limicolee,  commonly 
known  as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock  and  sand- 
pipers, tattlers  and  curlews;  the  Gallina?,  commonly  known  as  wild  tur- 
keys, gi'ouse,  prairie  chickens,  quail,  and  pheasants,  all  of  which  are  not 
Intended  to  be  affected  l)y  this  act. 

Sec.  3.    Any  person  violating  the  provisions  of  Section  1 
of  this  act  shall,   upon  conviction,  be  fined  in   a  sum  not     ^"*  ^^' 
less  than  ten  nor  more  than  fifty  dollars,  to  which  may  be  added  impris- 
onment for  not  less  than  five  days  nor  more  than  thirty  days. 

Sec.  4.    Sections  1  and  2  ol  this  act  shall  not  apply  to 
any  person  holding  a  i)ermit  givhig  the  right  to  take  birds     ^^^^  ^' 
or  their  nests  and  eggs  for  scientific  purposes,  as  provided  in  Section  5  of 
this  act. 

Se(  .  5.    Permits  may  be  granted  by  the  Executive  Board   Perniita  to 
of  the  Indiana  Academy  of  Science  to  any  properly  accredited   Science, 
person,  permitting  the  hohler  thereof  to  collect  birds,  their  nests  or  eggs 
for  strictly  scientific  purposes.     In  order  to  obtain  such  permit  the  ap- 
plicant  for  the  same*  must  present  to  said   Board   written   testimonials 
from    two   well-known    scientific    men    certifying   to  the   good   character 
and  fitness  of  said  applicant  to  be  entrusted  with  such  privilege  and  pay  to 
said   Board  one  dollar  to  defray  the  necessary  expenses  attending  the 
granting  of  such  permit   and  must   file  with  said  Board  a 
properly  executed  bond  in  the  sum  of  two  hundred  dollars, 
signed  by  at  least  two  responsible  citizens  of  the  State  as  sureties.    The 
bond  shall  be  forfeited  to  the  State  and  the  permit  become   Bona 
void  upon  proof  that  the  holder  of  such  permit  has  killed   forfeited. 
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any  bird  or  taken  the  nests  or  eggs  of  any  bird  for  any  other  purpose  than 
that  named  in  this  section  and  shall  further  be  subject  for  each  offense 
to  the  penalties  provided  in  this  act. 

8kc.  6.  The  permits  authorized  by  this  act  shall  be  in 
wo  yean.  force  for  two  years  only  from  the  date  of  their  issue,  and 
shall  not  be  transferable. 

Sec.  7.  The  English  or  European  House  Sparrow  (Passer 
ir  8  o  prey,  douiesticus),  crows,  hawks,  and  other  birds  of  prey  are  not 
included  among  the  birds  protected  by  this  act. 

Sec.  8.  All  acts  or  parts  of  acts  heretofore  passed  In  con- 
Acts  repealed,   ^j^^  ^^,j^j^  ^^^  provisions  of  this  act  are  hereby  repealed. 

Sec.  9.  An  emergency  is  declared  to  exist  for  the  imme- 
Bmcrgency.  ^^^^^^  taking  elTcct  of  this  act.  therefore  the  same  shall  be 
in  force  and  effect  from  and  after  its  passage. 
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President, 
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Vice-President, 
W.  S.  BLATCHLEY. 

Secretary, 
JOHN  8.  WRIGHT. 

Assistant  Secretary, 
DONALDSON  BODINE. 

Press  Secretary, 
GEORGE  W.  BENTON. 

Treasurer, 
J.  T.  SCOVELL. 


EXECUTIVE  COMMITTEE. 
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C.  A.  Waldo, 
Thomas  Gray, 
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J.  L.  Campbell, 
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John  C.  Branner, 
J.  P.  D.  John, 
John  M.  Coulter, 
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EDITOR. 
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DIRECTORS  OF  BIOLOGICAL  SURVEY. 
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Stanley  Coulter. 


RELATIONS  OF  THE  ACADEMY  TO  THE  STATE. 
D.  W.  Dennis,  A.  W.  Butler,  R.  W.  McBridk,  G.  W.  Benton. 

GRANTING  PERMITS  FOR  COLLECTING  BIRDS  AND  FISHES. 
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|n  pKemoviam. 


PHILIP  SCHAFFNER  BAKER, 

Bom,  EvanBville,  Indiana,  1851. 
Died,  asheville.  North  Carolina,  September  Second,  1901. 


T  ice-President 

OF  THE 

Indiana  Academy  of  Science,  1901. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science; 
to  promote  intercourse  between  men  engaged  in  scientific  work,  especially 
In  Indiana;  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  material,  e<lucational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  prepare  for  publication  such  reports  of  in- 
vestigation and  discussions  as  may  further  the  alms  and  objects  of  the 
Academy  as  set  forth  In  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  the  Governor,  act  through  its 
council  as  an  advisory  body  In  the  direction  and  execution  of  any  investi- 
gation within  Its  province  as  stated.  The  necessary  expenses  lncun'e<l  In 
the  prosecution  of  such  Investigation  are  to  be  borne  by  the  State;  no 
pecuniary  gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of 
such  Investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document. 

ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  In  any  department  of  scientific  work, 
or  In  original  research  in  any  department  of  science,  shall  be  eligible 
to  active  membership.  Active  members  may  be  annual  or  life  members. 
Annual  mem])ers  may  be  elected  at  any  meeting  of  the  Academy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars,  and  there- 
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after  an  annual  fee  of  one  dollar.  Any  person  who  shall  at  one  time 
contribute  fifty  dollars  to  the  funds  of  this  Academy,  may  be  elected  a 
life  member  of  the  Academy,  free  of  assessment.  Non-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  who  have 
removed  from  the  Stnte.  In  any  case,  a  thre^sfonrths  vote  of  the  mem- 
bers present  sliall  ole<'l  to  nienil>ership.  Applications  for  membership  In 
any  of  tlie  forejroinjr  classes  shall  l»e  referred  to  a  committee  on  applica- 
tion for  nionilKTship.  who  shall  consider  such  application  and  report  to 
the  Academy  l)efore  the  election. 

Sec.  3.  Tlie  menil)ers  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination 
for  election  as  fellows  by  three  fellows  or  members  personally  acquainted 
with  their  work  and  character.  Of  members  so  nominated  a  number  not 
exceeding  five  in  one  year  may,  on  recommendation  of  the  Executive 
Committee,  be  elected  as  fellows.  At  the  meeting  at  which  this  is 
adopted,  the  members  of  the  Executive  Committee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honoraiT  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account 
of  special  prominence  In  science,  on  the  written  recommendation  of  two 
memlKTs  of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  mem- 
bers prescMit  shall  elect. 

ARTICLE  III. 

Sectiox  1.  Tlie  oflicers  of  this  Academy  shall  be  chosen  by  ballot 
at  the  annual  meeting,  and  shall  hold  oflSce  one  year.  They  shall  consist 
of  a  President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secre- 
tary, and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to 
their  respective  oflSces  and  In  addition,  with  the  ex-Presidents  of  the 
Academy,  shall  constitute  an  Executive  Committee.  The  President  shall, 
at  each  annual  meeting,  appoint  two  members  to  be  a  committee  which 
shall  prepare  the  programs  and  have  charge  of  the  arrangements  for 
all  meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  un- 
less otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be 
a  summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
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Executive  Committee.  Other  meetings  may  be  called  at  the  discretion 
of  the  Executive  Committee.  The  past  Presidents,  together  with  the 
officers  and  Executive  Committee,  shall  constitute  the  Council  of  the 
Academy,  and  represent  It  In  the  transaction  of  any  necessary  business 
not  -specially  provided  for  in  this  constitution,  in  the  interim  between 
general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  throe-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to  a 
curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  pai'ticular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief 
summary  of  the  progi*ess  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  tlie  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least 
fifteen  days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

6.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  meml)ers  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 

R.  J.  Aley •]  898 Bloomington. 

J.  C.  Arthur 1893 Lafayette. 

(George  W.  Benton 1896 Indianapolis. 

A.  J.  Bigney 1897 Moore's  Hill. 

A.  W.  Bitting 1897 Lafayette. 

Donaldson  Bodine 1899 CrawfordsTille. 

W.  S.  Blatchley 1893 Indianapolis. 

H.  L.  Bruner 1899 Irvington. 

Severance  Barrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

J.  L.  Campbell 1893 Crawfordsville. 

John  M.  Coulter 1893 Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

Glenn  Culbertson 1899 Hanover. 

D.  W.  Dennis 1896 Richmond. 

C.  R.  Dryer 1897 Terre  Haute. 

C.  H.  Eigenmann  1893 Bloomington. 

Percy  Norton  Evans 1901 Lafayette. 

A.  L.  Foley 1897 Bloomington. 

Katherine  E.  Golden 1895 Lafayette. 

M.  J.  Golden 1899 Lafayette. 

W.  F.  M.  Goss 1893 Lafayette. 

Thomas  Gray 1893 Terre  Haute. 

A.  8.  Hathaway 1895 Terre  Haute. 

Robert  Hessler 1899 Logansport. 

H.  A.  Huston 1893 Lafayette. 

Arthur  Kendrick 1898 Terre  Haute. 

Robert  E.  Lyons 1896 Bloomington. 

V.  F.  Marsters 1893 Bloomington. 

C.  L.  Mees 1894 Terre  Haute. 

W.  J.  Moenkhaus 1901 Bloomington. 

Joseph  Moore 1896 Richmond. 

D.  M.  Mottier 1893 Bloomington. 

W.  A.  Noyes 1893 Terre  Haute. 

L,  J.  Rettger 1896 Terre  Haute. 

J.  T.  Scovell 1894 Terre  Haute. 

Alex.  Smith 1893 Chicago,  111. 

W.  E.  Stone 1893 Lafayette. 

<'Date  of  election. 
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Joseph  Swain *1898 BloomiDgton. 

M.  B.  Thomas •. 1893 Crawfordsville. 

C.  A.  Waldo 1893 Lafayette. 

F.  M.  Webster 1894 Wooster,  Ohio. 

H.  W.  Wiley 1895 Washington,  D.  C. 

John  S.  Wright 1894 Indianapolis. 


NON- RESIDENT  MEMBERS. 

George  H.  Ashley Charleston,  8.  C. 

M.  A.  Brannon Grand  Forks,  N.  D. 

J.  C.  Branner Stanford  University,  Cal. 

D.  H.  Campbell Stanford  University,  Cal. 

A.  Wilmer  Duff Worcester,  Mass. 

B.  W.  Evermann Washington,  D.  C. 

Charles  H.  Gilbert Stanford  University,  Cal. 

C.  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt Syracuse,  N.  Y. 

O.  P.  Hay Washington,  D.  C. 

£dward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

D.  S.  Jordan Stanford  University,  Cal. 

J.  8.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Bronx  Park, New YorkCity 

T.  C.  Mendenhall Worcester,  Mass. 

Alfred  Springer Cincinnati,  Ohio. 

L.  M.  Underwood New  York  City. 

Robert  B.  Warder Washington,  D.  C. 

Ernest  Walker Clemson  College,  a  C. 


ACTIVE  MEMBERS 

Q.  A.  Abbott Indianapolis. 

Frederick  W.  Andrews Bloomington. 

George  C.  Ashman Frankfort. 

Edward  Ayres Lafayette. 

Edwin  M.  Blake Lafayette. 

Lee  F.  Bennett Valparaiso. 

Charles  S.  Bond Richmond. 

Fred.  J.  Breeze Pittsburg. 

*Date  of  election. 

2— Academy  of  Scienoe. 
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E.  M.  Bruce ' 

A.  Hugh  Bryan Indianapolis. 

E.  J.  Chausler Bicknell. 

Howard  W.  Clark Culver. 

G«orge  Clements Peru. 

Charles  Clickener Tangier. 

Mel  T.  Cook Greencastle. 

U.  0.  Cox Mankato,  Minn. 

William  ClifTord  Cox Columbus. 

J.  A  Cragwall Crawfordsville. 

Albert  B.  Crowe Ft.  Wayne. 

M.  E.  Crowell Franklin. 

Edward  Roscoe  Cumings Bloomington. 

Alida  M.  Cunningham Alexandria. 

Lorenzo  E.  Daniels Laporte. 

H.  J.  Davidson Baltimore,  Md. 

Charles  C.  Deam Bluff\on. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Herman  B.  Dorner Lafayette. 

Hans  Duden Indianapolis. 

Joseph  Eastman Indianapolis. 

E.  G.  Eberhardt Indianapolis. 

M.  N.  Elrod Columbus, 

Samuel  G.  Evans Evansville. 

Carlton  G.  Ferris Big  Rapids,  Mich. 

E.  M.  Fisher Urmeyville. 

Wilbur  A.  Fiske Richmond. 

W.  B.  Fletcher Indianapolis. 

Austin  Funk New  Albany. 

Charles  W.  Garrett Logansport. 

Robert  G.  Gillum Terre  Haute. 

Vernon  Gould Rochester. 

Victor  K.  Hendricks Logansport. 

Mary  A.  Hickman Greencastle. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins    Terre  Haute. 

John  J.  Hildebrandt Logansport. 

J.  D.  Hoffman I^f ayette. 

Allen  D.  Hole Richmond. 

Lucius  M.  Hubbard South  Bend. 

Alex.  Johnson Ft.  Wayne. 

Edwin  8.  Johonnott,  Jr Terre  Haute. 

Ernest  E.  Jones Kokomo. 

Chancey  Juday Madison,  Wis. 
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O.  L.  Kelso Terre  Haute. 

Charles  T.  Knipp Bloomington. 

V.  H.  Lockwood Indianapolis. 

William  A.  McBeth Terre  Haute. 

Robert  Weslej  McBride Indianapolip. 

Rousseau  McCIellan Indianapolis. 

Richard  C.  McClaskey Terre  Haute. 

Ljon  B.  McMuUen Indianapolis. 

James  E.  Manchester.    VincenneP. 

W.  Q.  Middleton Richmond. 

John  A.  Miller Bloomington. 

H.  T.  Montgomery South  Bend. 

Walter  P.  Morgan Terre  Haute. 

Fred.  Mutchler Terre  Haute. 

J.  P.  Naylor Greencastle. 

Charles  E.  Newlin Irvington. 

John  Newl  in West  Lafayette. 

John  F.  Newsom Stanford  University.  Cal. 

R.  W.  Noble ; Chicago,  111. 

D.  A.  Owen Franklin. 

RoUo  J.  Peirce Loganj-port. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

Frank  A.  Preston   Indianapolis. 

A.  H.  Purdue Fayetteville,  Ark. 

J.  H.  Ransom Lafayette. 

Ryland  Ratliff Bloomington. 

Claude  Riddle Lafayette. 

Giles  E.  Ripley Decorah,  Iowa. 

George  L.  Roberts Greensburg. 

D.  A.  Rothrock Bloominj;ton. 

John  F.  SSchnaible Lafayette. 

E.  A.  Schultze Ft.  Wayne. 

John  W.  Shepherd Terre  Haute. 

Claude  Siebenthal Indianapolis. 

J.  R.  Slonaker Bloomington. 

Richard  A.  Smart Lafayette. 

Lillian  Snyder Kookville. 

Retta  E.  Spears Elkhart. 

William  Stewart Lafayette. 

J.  M.  Stoddard Crawfordsville. 

Charles  F.  Stegmaier (Jreensburg. 

William  B.  Streeter   Indianapolis. 

Frank  B.  Taylor Ft.  Wayne. 

J.  F.  Thompson Richmond. 
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A.  L.  Treadwell Oxford,  Ohio. 

Daniel  J.  Troyer Goshen. 

A.  B.  Ulrey North  Manchester. 

W.  B.  Van  Gorder Worthington. 

Arthur  C.  Veatch Rockport. 

H.  8.  Voorhees Ft.  Wavne. 

J.  H.  Voris Huntington. 

B.  C.  Waldemaier West  Lafayette. 

Jacob  Westlund Lafayette. 

Fred  C.  Whitcomb Delphi. 

William  M.  Whitten South  Bend. 

Neil  H.  Williams Indianapolis. 

William  Watson  Woollen Indianapolis. 

J.  F.  Woolsey Indianapolis. 

Fellows 44 

Non-resident  members 20 

Active  members 112 

Total 176 
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LIST  OF  FOREIGN  CORRESPONDENTS. 


AFKICA. 

Dr.   J.    Medley   Wood,   Natal    Botanical   Gardens,    Berea   Durban,   South 

Africa. 
South  African  Philosophical  Society,  Cape  Town,  South  Africa. 


ASIA. 

China  Branch  Uoyal  Asiatic  Society,  Shanjjfhai.  China. 
Asiatic  Society  of  Bengal,  Calcutta,  India. 
Geological  Survey  of  India,  Calcutta,  India. 
Indian  Museum  of  India,  Calcutta,  India. 
India  Survey  Department  of  India,  Calcutta,  India. 


Deutsche   Oesellschaft,    fur    Natur-    und    Vi31kerkuude   Ostusiens,    Tokio, 

Japan. 
Imperial  University,  Tokio,  .Japan. 


Koninklijke   Xaturkundige    Vereeniging   in   Xederlandsch-Indle,    Batavia, 
.Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Hawaiian  Islands. 


EFROPi:. 

V.    R.    Tscliusizu    Schmidhoffen,    Villa    Tannenhof,    Halle    in    Salzburg, 

Austria. 
Herman  von  Vilas,  Innsliruck,  Austria. 

Ethnologische  MittluMlungen  aus  Ungarn,  Budapest,  Austro-Hungary. 
Mathematische  und  Naturwissenschaftliche  Bericlitti  ans  Ungarn,  Budn 

pest,  Austro-Hungary. 
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K.  K.  Geologlsche  Rclchsanstalt,  Vienna  (Wien),  Austro-Hungary. 

K.  U.  Nntiirwissensehaftliche  Gesellschaft,  Budapest,  Austro-Hungary. 

Naturwissenscliaftlich-Mcdizinlsclier  Verein  In  Innsbruck  (Tyrol),  Austro- 

Hungary. 
Editors   *'Tormeszetrajzi   Fuzotk,"   Hungarian   National   Museum,   Buda^ 

pest,  Aiistro-Hungarj'. 
Dr.  Eugen  Dadai.  Adj.  am.  Nat.  Mus.,  Budapest,  Austro-Hungary. 
Dr.  Julius  von  Madarasz,  Budapest.  Austro-Hungary. 
K.  K.  Xaturhistorisehes  Hof museum.  Vienna  (Wien),  Austro-Hungary. 
Ornithological  Society  of  Vienna  (Wien),  Austro-Hungary. 
ZoologischcvRotanische  Gesellsclmft  in  Wien  (Vienna),  Austro-Hungary. 
Dr.  J.  von  Csato.  Nagy  Enyed,  Austro-Hungary. 
Botanic  Garden.  K.  K.  Universitat,  Wien  (Vienna),  Austro-Hungary. 


Malacological  Society  of  l^elgium,  Brussels,  Belgium. 

Royal  Academy  of  Science,  Letters  and  Fine  Arts,  Brussels.  lielgium. 

Royal  Linnean  Society,  Brussels,  Belgium. 

Society    Beige   de    Geologic,    de   raleontologi6    et    Hydrologie.    Brussels, 

Belgium.^ 
Societ6  Royale  de  Botanique.  Brussels.  Belgium. 
Society  Geolckgique  de  Belgique.  L.i^ge,  Belgium. 
Royal  Botanical  (Jnrdens.  Brussels,  Belgium. 


Bristol  Naturalists'  Society,  Bristol,  England. 

Geological  Society  of  London,  London,  England. 

Dr.  E.  'SI.  Holmes.  British  Pharm.  Soc'y,  Bloomsbury  Sq.,  London,  W.  C, 

England. 
Jenner  Institute  of  Preventive  M<»dicine.  London.  England. 
The  Librarian,  Linnean  Society.  Builington  House,  Piccadilly.  London  W., 

England. 
Liveri)ool  Geological  Society,  Liverpool.  England. 

Manchester  Literary  and  Philosophical  Society.  Manchester,  England. 
"Nature,"  London,  England. 
Royal  Botanical  Society.  London,  England. 
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Royal  Kew  Gardens,  London,  Englana. 

Royal  Geological  Society  of  Cornwall,  Penzance,  England. 

Royal  Microscopical  Society,  London,  England. 

Zoological  Society,  London,  England. 

Lieut.-Col.  John  Bid<iulph.  4;^  Charing  Cross,  London,  England. 

Dr.  G.  A.  Boiilenger,  British  Mus.  (Nat.  Hist.),  London,  England. 

F.  DuCano  Godnian,  10  Chandos  St,  Cavendish  Sq.,  London,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Parlj,  Ix)ndon  W.,  England. 

Phillip  L.  Sclator,  3  Hanover  Sq.,  London  W.,  England. 

Dr.  Richard  Bowlder  Sharpe,  British  Mus.  (Nat.  Hist.),  London,  England. 

Prof.  Alfred  Russell  Wallace,  Corfe  View,  Parlistone,  Dorset,  England. 


Botanical  Society  of  France,  Paris,  France. 

Minist^rie  de  TAgriculture,  I'aris,  France. 

Society  Entoniologique  de  France,  Paris,  France. 

L'Institut  Grand  Ducal  de  TiUxembourg,  Luxembourg,  Lux.,  France. 

Soc.  de  Horticulture  et  de  Botan.  de  Marseille,  Marseilles,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

Jjfi  Soc.  Linneenne  de  Noriuandie,  Caen,  France. 

Soc.  des  Naturelles,  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'llamonville,  Meurthe  et  Moselle,  France. 

Pasteur  Institute,  Lille,  France. 

Museum  d'Histoire  Naturelle,  Paris,  France. 


Bontanischer  Verein  der  Provinz  Brandenburg,  Berlin,  Germany. 
Deutsche  Goologisclie  (Tosellschaft,  Berlin,  Germany. 
Entomologischer  Vorcin  in  Berlin,  Berlin,  Germany. 
Journal  fiir  Ornitliolo^rie,  Berlin,  Germany. 

Prof.  Dr.  Jean  Cnbanis.  Alte  Jacol)  Strasse,  103  A.,  Berlin,  Germany. 
Augsburger  Natmliistorischer  Verein,  Augsburg,  Germany. 
Count  Hans  von  Berlspsen,  Miinden,  Germany. 

Braunschweiger  Verein  fiir  Naturwissenschaft,  Braunschweig,  Germany. 
Bremer  Naturwissonschaftlicher  Verein.  Bremen,  Germany. 
Ornithologischor    Verein    Miincheu.  Tliierschstrasse,  37^2.   Mtinchen,  Ger- 
many. 
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Royal  Botanical  Gardens,  Berlin  W.,  Qermany. 

Kaiserllche  Leopoldische-Carolinische  Deutsche  Akademie  der  Naturfor- 

scher,  Ilalle  a  Saale,  Wilhemstrasse  37,  Germany. 
KOniglich-Silclisische    Gesellschaft    der    Wissenschaften,    Mathematisch- 

Physlsclie  Classe,  Leipzig,  Saxony,  Germany. 
Naturhistorische  Gesellschaft  zu  Hanover,  Hanover,  Prussia,  Germany. 
Natun\'issenschaftlicher  Verein  in  Hamburg,  Hamburg,  Germany. 
Verein  ftir  Evdkunde,  Leipzig,  Germany. 
Verein  ftir  Naturkunde,  Wiesbaden,  Prussia. 


Belfast  Natural  History  and  Philosophical  Society,  Belfast,  Ireland. 

Royal  Dublin  Society,  Dublin. 

Royal  Botanic  Gardens,  Glasnevin,  County  Dublin,  Ireland. 


Societa  Entomologica  Italiana,  Florence,  Italy. 

Prof.  H.  H.  Giglioli.  Museum  Vertebrate  Zoology,  Florence,  Italy. 

Dr.  Alberto  Perngia,  Museo  Civico  di  Storia  Naturale,  Genoa,  Italy. 

Societa  Italiana  de  Sclenze  Naturali,  Milan,  Italy. 

Societa  Africana  d*  Italia,  Naples,  Italy. 

Dell  'Academia  Pontitico  do  Nuovl  Lincei,  Rome,  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome,  Italy. 

Rassogna  dolln  Scieuzo  Goologiche  in  Italia,  Rome,  Italy. 

R.  Comitato  Goologico  d'  Italia,  Rome,  Italy. 

Prof.  Count  Tomnsso  Salvadori.  Zoolog.  Museum,  Turin,  Italy. 


Royal  Norwegian  Society  of  Sciences,  Throndhjem,  Norway. 
Dr.  Rol>ert  Collett  Kongl.  Fredoriks  TTniv.  Christiana,  Norway. 


Academia  Real  des  Scienclas  do  Lisboa  (Lisbon),  Portugal. 


Comiti^  Geologique  de  Russie,  St.  Petersburg,  Russia. 
Imperial  Academy  of  Sciences,  St.  Petersl)urg,  Russia. 
Imperial  Society  of  Naturalists.  Moscow,  Russia. 
Jardiu  Imperial  de  Botanique,  St.  Petersburg,  Russia. 
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The  Botanical  Society  of  Edinburgh,  Edinburgh,  Scotland. 

John  J.  Dalgloisb.  Hrankston  Grange,  Bogside  Sta.,  Sterling,  Scotland. 

Eidinburgh  Geological  Society,  Eldinburgb,  Scotland. 

Geological  Society  of  Glasgow,  Scotland. 

John  A.  Harvie- Brown.  Duniplace  House,  T^rbert,  Stirlingshire,  Scotland. 

Natural  History  Society,  Glasgow,  Scotland. 

Philosophical  Society  of  Glasgow,  Glasgow,  Scotland. 

Royal  S(H»iety  of  Edinl)nrgh.  Edinburgh,  Scotland. 

Royal  PhysiiiU  So<.-ioty.  Edinburgh,  Scotland. 

Royal  Botanic  Garden,  Edinburgh,  Scotland. 


Barcelona  Acadi'niia  de  Ciencias  y  Artes.  Barcelona,  Spain. 
Royal  Academy  of  Sciences,  Madrid.  Spain. 


Instltut  Royal  Geologi(iue  de  SuMe,  Stockholm,  Sweden. 
Society  Entomologiquo  a  Stockholm.  Stockholm,  Sweden. 
Royal  Swedish  Academy  of  Science,  Stockholm,  Sweden. 


Xaturforschende  Gesellschaft,  Basel,  Switzerland. 
Naturforschende  Gesellschaft  in  Berne,  Berne,  Switzerland. 
La  Society  Botani(iue  Suisse,  Geneva,  Switzerland. 
Society  Helvetique  de  Sciences  Naturelles,  Geneva,  Switzerland. 
Society  de  Physique  et  d'  Historic  Naturelle  de  Geneva,  Geneva,  Switzer- 
land. 
Concilium  Bibliographicum.  Ztirich-Oberstrasse,  Switzerland. 
Naturforschende  Gesellschaft,  Ziirich,  Switzerland. 
Schweizerische  Kotanische  Gesellschaft.  Zurich,  Switzerland. 
Prof.  Herbert  H.  Field.  Zurich,  Switzerland. 


AUSTRALIA. 

Linn(»an  Society  of  Now  South  Wales,  Sidney,  New  South  Wales. 
Royal  So<'iety  of  New  Soutli  Wales,  Sidney,  New  South  Wales. 
Prof.  Liveridjje.  V.  R.  S..  Sidney,  New  South  Wales. 
Hon.  Minister  of  Mines.  Sidney,  New  South  Wales. 
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Mr.  E.  P.  Ramsey,  Sidney,  New  South  Wales. 

Royal  Society  of  Queensland,  Brisbane,  Queensland. 

Royal  Society  of  South  Australia,  Adelaide,  South  Australia. 

Victoria  Pub.  Library,  Museum  and  Nat.  Gallery,  Melbourne,  Victoria. 

Prof.  W.  L.  BuUer,  AVellington,  New  Zealand. 


NORTH  AMERICA. 

Natural  Hist.  Society  of  British  Columbia,  Victoria,  British  Columbia. 

Canadian  Record  of  Science,  Montreal,  Canada. 

McGill  University,  Montreal,  Canada. 

Natiu'al  Society.  Montreal,  Canada. 

Natural  History  Society,  St.  Johns,  New  Brunswick. 

Nova  Scotia  Institute  of  Science,  Halifax,  N.  S. 

Manitoba  Historical  and  Scientific  Society.  Winnipeg.  Manitoba. 

Dr.  T.  Mcllwraith,  Cairnbrae,  Hamilton,  Ontario. 
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Paper  not  prosente*!. 
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57.  Spore  Resistaoce  of  Loose  Smut  of  Wheat  to  Formalin  and 

Hot  Water,  10  m Wm.  Stuart 

58.  Some  Additions  to  the  Flora  of  Indiana,  3  m Wm.  Stuart 

59.  Effect  of  Composition  of  Soil  Upon  the  Minute  Structure 

of  Plants,  15  m Herman  B.  Dorner 

CO.    A  Collection  of  My xomy cetes,  10  m Fred  Mutchler 


THE  SEVJ:NTEENTn  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE. 


The  seventeenth  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  in  lndianai)olis,  Friday,  December  27,  1901,  preceded  by  a  session 
of  the  Executive  Committee  of  the  Academy,  8:30  p.  m.,  Thursday,  Decem- 
ber 26th. 

At  9:15  a.  m.,  December  27,  President  Mason  B.  Thomas  called  the 
Academy  to  order  in  general  session,  at  which  committees  were  appointed 
and  other  routine  and  miscellaneous  business  transacted.  Following  the 
disposition  of  the  business,  papers  of  general  interest  were  read  until  11 
o'clock,  at  which  time  the  retiring  President,  Mason  B.  Thomas,  made 
his  address;  subject,  "Forestry  in  Indiana." 

At  2  p.  m.  the  Academy  met  in  two  sections— biological  and  physico- 
chemical— for  the  reading  and  discussion  of  papers.  President  Thomas 
presided  over  tlie  biological  section  and  Dr.  Thomas  Gray  acted  as  chair- 
man of  the  physico-chemical  division.  Both  sections  adjourned  about  4:30 
and  the  Academy  was  assembltHl  in  general  session  for  the  transaction  of 
business. 

Adjournment,  5  p.  m. 


THE  FIELJ)  MEETING  OF  1901. 


The  meml)ors  assembled  at  Orleans,  Orange  County,  leaving  this  point 
in  carriages  early  Friday  morning.  May  24.  They  visited  the  region  of 
Lost  River,  which  is  rich  in  geological,  botanical  and  zoiilogical  features. 
From  this  locality  the  party  went  to  West  Baden,  in  which  district  Sat- 
urday, May  25,  was  si>ent. 
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PRESIDENTS  ADDRESS. 

Mason  B.  Thomas. 

Forestry  ix  Indiana. 

It  scH^ms  strange  that  while  European  countries,  with  their  vast  tracts 
of  forests,  were  spending  money,  energy  and  time  in  an  effort  to  secure 
a  conservative  and  economical  management  of  their  timber  lands  and,  iu 
most  cases,  had  brought  the  whole  question  to  a  very  practical  and  wise 
solution  resulting  in  tlie  maintenance  of  the  steady  value  of  the  forest 
crop  and  securing  l>y  careful  and  well  managed  cutting  the  largest  possi- 
ble yearly  produt.tion  and  revenue,  the  United  States  did  practically  noth- 
ing to  arouse  her  citizens  to  some  such  rational  forestry  management.  It 
was  not  until  l-S7o  that  the  American  Association  for  the  Advancement  of 
Science,  at  its  Portland  meeting,  appointed  a  committee  to  urge  Congress 
to  some  action  in  connection  with  our  forestry  interests.  The  recommen- 
dations of  this  committee  were  favorably  received,  but  not  until  1870  was 
the  Commissioner  of  Agriculture  required  to  appoint  a  man  to  study  our 
forestry  resomces,  the  (tonsumption  and  exportation  of  our  timber,  the  ex- 
tent of  our  supply,  the  effects  of  forests  on  our  climate  and  the  best 
methods  to  employ  in  conserving  them.  Since  that  time  the  work  of  the 
Department  at  Washington  has  grown  under  the  care  of  Messrs.  F.  B. 
Hough.  N.  H.  P^ggleston.  H.  Vj.  Fernow,  and  the  present  Forester,  Mr.  G. 
IMnchot.  who  in  the  order  nanietl  have  been  in  charge  of  it.  They  have, 
with  very  meager  appropriations— to  18JK)  but  $247.210.85 — collected  and 
published  a  large  amount  of  valuable  information  relating  to  our  forests, 
their  use,  care  and  ai)use,  and  have  secured  the  coriperation  of  many  pub- 
lic-spirited men  and  not  a  few  scientists,  who  have  starteil,  in  maiiy 
States,  active  (•.impaigns  <»ducating  the  public  in  forestry  matters  and  se- 
curing proper  forestry  legislation.  C>ur  federal  government  can  not  obtain 
the  desired  results  without  tlie  active  cooiH'ration  of  the  States  and  the 
support  of  its  i>rivate  citizens.  Our  own  fair  Indiana  has  been  very  remiss 
in  the  discharge  of  her  duties  in  this  matter,  and  the  neglect  has  resulted 
in  a  great  loss  to  om-  timber  interests  and  the  consequent  injury  to  its 
numerous  dependencies. 

The  State  of  Indiana   is  a  part  of  the  North  Central  Division  of  our 
<»ountry  and  includes  .'{<>,.V»4)  square  miles,  with  an  acreage  of  2'i.2G4.(HK». 

3 -Academy  of  Science. 
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When  the  eniiy  explorers  pnddled  their  birch  canoes  from  the  Ohio  up 
the  Wal)a8li  and  its  tributaries  they  passed  through  a  great  wilderness 
of  native  forests  of  giant  oaks,  elms,  maples  and  beeches.  From  the 
very  banks  of  the  streams  where  they  landed  to  the  tops  of  the  highest 
hills  was  one  unbroken  covering  of  the  forest  primeval.  The  tall  syca- 
mores, lining  the  river  banks  like  sentinels,  crowded  into  the  rushing 
waters  the  overhanging  willows  at  their  feet  and  guai^ded  the  giant  elms, 
hardy  soft  maples  and  buckeyes  of  the  rich  river  bottoms,  while  from  the 
higher  ground  looked  down  the  tall  and  rugged  oaks,  the  mighty  l»ee4-hes 
and  hard  maples,  walnuts,  ashes  and  hickories,  with  here  and  then*  a 
towering  tulip,  all  vying  with  each  other  for  soil  and  sunshine.  The  low- 
lands of  the  north  were  clothed  to  the  very  water's  edge  with  tamarack, 
ash  and  soft  maples  and  the  sterile  soil  of  the  south  supported  a  thick 
growth  of  cedars  and  scrub  oaks.  Everywhere  trees  and  shrubs  of  lesser 
size  struggliMl  with  each  other  and  with  multitudes  of  herbaceous  plants 
for  every  inch  of  soil  and  ray  of  sunshine.  The  records  of  the  dimen- 
sions of  some  of  these  giants  of  our  virgin  forest  seem  past  belief.  A  few 
illustrations  will  suffice. 

R(h1  ma  pi  (^—Height,  108  feet;  circ\miference,  13  feet. 

Hickory— Height,  150  feet. 

Tuli])-  Height.  VM)  fei^t;  circumference.  25  feet. 

Sycamore-  Height.  120  feet:  diameter,  V\  feet. 

('ottonw<M)(l -Height.  150  feet:  diani(»ter.  8  f€»et. 

White  Oak— Height.  150  feet;  circumference,  20  feet. 

Hjisswood-- Height,  IHO  feet:  circumference.  IT^i*  feet. 

The  forest  tioor  was  a  spongy  mass  of  forest  litter  that  held  in  its  ix^res 
the  products  of  many  rains  and  freely  gave  of  its  wealth  to  thirsty  soil  of 
open  areas  and  to  the  multitudes  of  springs  that  kept  the  rivers  to  a  uni- 
form volume.  Birds  and  animals  of  many  kinds  and  in  great  numbers 
found  here  a  suital)le  home,  wliilc  tlie  streams  were  stocked  with  an 
abundance  of  fish  whose  nearly  ideal  environment  gave  no  suggestion  of 
future  extermination.     Such  was  the  picture  of  the  forest  primeval. 

This  condition.  <'ontrasted  with  the  (»ne  we  now  see  about  us,  tells 
of  striking  changes  during  a  short  period.  Kverywiiere  level  fields  of 
beautiful  corn.  wii(»nt.  and  other  croi)s  <-lothe  tlie  tracts  that  were  once 
covered  with  forests. 

In  1870  tiie  State  containe<l  7.1Si).:;;U  acres  of  forest,  which  was  one- 
third  or  its  era.     This  acreage  pla<(Hl  Indiana  well  up  in  the  list  of  for- 
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est  States.  In  1S8(>  this  had  been  reduced  to  4.:W5.ir»l  acres,  or  one-fifth 
of  the  State's  area.  The  records  show  that  up  to  that  time  tlie  forests 
had  been  removed  mostly  in  the  interests  of  ajn'iculture  and  that  no  larsre 
bodies  of  the  original  tracts  remained.  At  tliis  period  Indiana  ranked 
fifth  In  her  luml)er  manufacturinjc  interests,  l)ut  tlie  statistician  records 
the  warning  that,  at  the  present  rate  of  consumi)tion.  tiie  forests  of  the 
State  must  soon  cease  to  be  commercially  important. 

In  1890  one-twelfth  of  our  total  area  remained  in  forests,  and  the  de- 
cade between  188()  and  1800  may  b<'  said  to  mai-lv  tlie  greatest  real  loss  to 
the  State.  The  large  decrease  before  this  period  was  so  closely  connected 
with  the  clearing  l\v  settlers  for  cultivation  that  little  of  the  timber  in 
tracts  not  suital>le  for  argiculture  had  been  disturbed. 

Between  ^H1^\  and  1880  2,854. 14:{  acres  of  timber  were  removed  and 
.'?,821>.450  adde<l  to  cultivated  lands,  indicating  a  gi*eat  demand  for  all 
tracts  cleared  in  the  i)ast  and  also  such  open  areas  as  might  be  tillable, 
while  between  \ssi)  and  1800  2.<W>4.iM)."i  acres  were  cleare<l  and  but  1,17^,- 
744  acres  added  to  cultivate<l  fields.  Over  200,000  acres  were  cleared  annu- 
ally during  this  period,  or  an  excess  of  (>0,000  acres  yearly  over  what  was 
removcKl  in  the  most  active  immigration  period  just  prece<ling.  Timber 
was  cut  for  revenue,  jind  the  demands  of  the  manufacturing  and  ship- 
ping interests  caust^l  tlie  owners  to  forget  the  relation  of  forests  to  our 
general  prosperity.  How  the  statistician's  pre<liction  has  been  fulfilled 
may  be  realized  by  reference  to  the  statement  of  a  well-known  forester 
who,  last  year  in  reviewing  the  fcM-estry  interests  of  each  State,  says  of 
Indiana  that  hei*  forests  liave  long  since  c(^1sed  to  be  of  any  value  commei*- 
clally.  While  this  is  not  stri<-tly  true,  it  does  illustrate  the  drift  the  State 
is  making  in  tliis  dire<tion.  since  we  now  have  but  1.227.141  acres,  or  one- 
twentieth  of  our  wliole  area,  in  forests,  and  much  of  this  has  been  cut  over 
and  the  valual>le  part  reniov«Ml.  The  State  no  longer  has  any  important 
supplies  of  valuable  timbers,  likt^  oak.  walnut,  jmplar,  etc. 

At  present  our  largest  tracts  of  timber  are  in  the  extreme  southern 
part,  in  Franklin.  Harrison.  Brown,  .lackson.  Lawrence,  Martin,  Perry 
and  Washington  c< unities  .uid  a  shim  11  tract  in  the  north  in  Allen  and 
Kosciusko  <-oinities.  A  few  scattered!  tracts  may  be  found  elsewhere,  but 
in  the  main  these  ImxIIcs  are  small  and  the  timber  of  little  consequence. 
The  western  iionler  of  the  State  c<nitains  but  little  timber  and  is  the 
eastern  (Mlge  of  tlie  great  treeless  r<»gion  tliat  extended  over  the  north  in 
Benton.  Newton  ami  Jasper  counties  and  over  much  of  Lake.  Portpr,  La- 
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porte,  Pulaski,  White,  Tippecanoe  and  Warren.  Some  of  this  is  now  cov- 
ered with  young  forests  that  will  eventually  add  much  to  the  forest  re- 
sources of  the  State. 

An  examination  of  the  topography  of  the  State  shows  that  the  cleared 
lands  include  the  headwaters  of  our  principal  rivers  and  streams.  The 
entire  basin  of  the  Wabash  and  its  tributaries  has  been  more  or  less 
denuded,  or  at  least  does  not  contain  any  considerable  area  of  timber  laud. 
The  basins  of  a  few  small  streams,  like  the  Blue  and  Pigeon  Rivers  and  a 
part  of  White  River,  are  still  wooded  and  the  Influence  of  the  remaining 
tracts  here,  as  elsewhere,  Is  manifest  In  the  less  conspicuous  changes  in 
the  streams  so  protected.  Truly  the  problem  of  securing  the  proper  main- 
tenance and  control  of  the  forests  of  the  State  is  grave  and  Important. 

In  order  to  appreciate  fully  the  real  value  of  our  forests  to  our  State 
let  us  consider  their  general  Influence  upon  some  of  our  natural  condi- 
tions and  industries  affecting  the  general  prosperity  of  our  commonwealth. 

One  of  the  most  Important  assertions  made  by  those  who  advocate 
rational  forestry  management  Is  that  the  forests  exercise  a  very  large  in- 
fluence on  our  climate  and  rainfall.  So  great  have  been  the  claims  of  these 
zealous  advocates  that  1  sometimes  feel  that  the  whole  cause  of  forest 
care  is  seriously  Injured  by  claims  for  which  no  convincing  proof  is 
forthcoming  and  which  do  not  appeal  to  educated  people  accustomed  to 
think  for  themselves.  In  fact,  too  often  scientific  men  have  Indulged  In 
pleasant  contemplations  on  this  subject  and  made  statements  that  were 
not  foinided  on  sutticient  data  to  satisfy  a  man  who  did  not  believe  things 
because  he  wished  them  to  be  so.  For  the  thorough  examination  of  this 
problem  we  must  have  accurate  data  of  climatic  conditions  for  many  years 
and  In  connection  with  these  careful  records  of  forestry  changes  for  the 
same  territory.  In  the  study  of  these  It  should  be  kept  in  mind  that  gen- 
eral climatic  variations  occur  In  all  countries  even  where  no  changes  have 
been  made  in  forestry  matters  and  it  accordingly  becomes  dlflicult  to  de- 
termine the  exact  relation  of  the  forest  changes  to  climatic  variations  in 
other  countries  where  marked  changes  have  taken  place  in  the  forests. 
Notwithstanding  the  fact  that  different  cllmatologlsts  maintain  exactly  op- 
posite views  regarding  forest  Influences  on  the  climate,  there  are  certain 
facts  that  are  hardly  controvertible.  It  Is  doubtful  if  the  forest  tract 
Influences  very  largely  the  climatic  conditions  or  total  rainfall  of  a  coun- 
try except  in  a  very  few  favorably  located  regions,  but  the  important 
thing  for  us  to  consider  Is  the  value  of  Indiana  forests  to  our  own  com- 
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moiiwealtli  and  if  possible  the  extent  to  which  we  would  be  justified  in 
devotinj;  time  and  money  to  secure  certain  forestry  regulations. 

The  soil  of  a  forest  is  less  susceptible  to  ruidden  variations  In  tempera- 
ture than  that  of  the  fields  outside,  and  conseQuontly  warms  more  slowly  in 
summer  and  its  cooling  is  delayed  in  the  wint^i.  The  summer  effect  is 
much  more  marked  than  the  winter  effect.  The  mean  annual  temperature 
of  the  forest  soil  is  about  21  degi*ees  lower  than  that  outside.  In  the  sum- 
mer this  cool  soil  will  temper  the  air  above  it.  start  ciu'rents  in  the  direc- 
tion of  adjoining  fields  and  lower  their  temperature. 

The  average  annual  evaporation  within  the  forest  is  but  fifty  per  cent, 
of  that  in  the  open,  and  the  difference  between  the  two  is  greatest  in 
the  summer  when  the  saving  for  the  forest  is  the  largest  and  most  needed. 
About  twelve  per  cent  of  the  precipitated  water  is  evaporated  in  the  year 
from  forest  soil  and  forty  per  cent,  from  open  fields,  the  presence  of  the 
forest  litter  effecting  a  saving  in  some  cases  of  seven-eighths  of  what 
would  otherwise  evaporate  directly.  Much  of  this  difference  is  due  to  the 
looseness  of  forest  soil  and  its  poor  capillarity  that  fails  to  draw  the  water 
to  the  surface.  That  the  forest  serves  as  a  windbreak,  in  preventing  cur- 
rents of  air  from  rushing  over  adjoining  fields  and  depriving  them  of  their 
moisture,  is  obvious  to  all. 

The  extent  to  which  the  forest  influences  affect  the  adjoining  fields,  and 
the  distance  to  which  this  may  be  felt,  depends  on  the  nature  of  the 
forest,  its  size,  composition,  age,  exposure,  underbrush,  elevation,  prox- 
imity of  streams,  etc. 

A  collection  of  all  of  the  published  records  of  temperature  and  rain- 
fall taken  in  the  State  has  been  studied,  but  they  do  not  furnish  such 
data  as  would  in  any  way  bear  on  the  problem  in  hand.  The  earliest  rec- 
ords were  made  in  1807  at  but  two  points  in  the  State.  The  central  ofllce 
at  Indianapolis  was  not  organized  until  1882  and  its  first  puljlicatlon  was 
in  1884.  In  a  half  dozen  places  records  were  kept  from  1872  to  1881  and 
then  discontinued.  All  of  these  stations  were  cities  or  towns  and  do  not 
afford  data  for  the  forests  about.  Certain  it  is  that  statistics  to  support 
our  claims  are  not  forthcoming  in  Indiana,  but  our  conditions  are  not 
unlike  those  of  other  States  from  which  these  facts  were  gathered,  and 
the  results  are  applicable  to  our  own  territory. 

The  influence  of  the  forests  on  the  fertility  or  productiveness  of  our 
land  has  been  discussed  from  may  points  of  view  and  it  is  hardly  safe 
to  generalize  in  a  matter  so  dependent  on  the  controlling  influences  of  local 
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conditions.  Tlie  forests  do  affect  climatic  cronditlons  in  their  immediate 
vicinity,  and  further,  their  influence  is  along  the  line  of  those  changes 
that  would  act  most  beneficially  to  agricultural  crops.  The  preservation 
of  the  rainfall  by  the  forests  is  also  of  great  advantage  to  our  agricultural 
interests.  These  beneficial  infiuences  in  Indiana  are,  In  my  Judgment,  evi- 
dent only  in  the  immediate  vicinity  of  forests,  and  their  removal  has  not, 
as  far  aa  statistics  show,  affected  the  production  of  certain  crops  in  the 
whole  State  in  any  prejudicial  way.  The  general  disastrous  effect  will  not 
be  evident  for  some  years.  The  great  richness  of  our  soil  and  its  general 
suitableness  for  agriculture  delays  the  certain  penalty,  but  it  is  sure  to 
come,  and  then  the  restoration  will  be  a  long  and  difiicult  process. 

The  annual  yield  of  corn  per  acre  has  been  gi'adually  increasing  In 
the  whole  State  during  the  last  thirty  years,  as  the  averages  for  these 
five-year  periods  will  sliow: 

1876—1880 28.5')  bushels  per  acre 

1881-1885 23.48  liushols  i>er  acre 

1886—181)0 21).77  Imsliols  per  acre 

1891-1895 30.4    bushels  per  aci'e 

1806—1000 37.2    bushels  per  acre 

While  it  is  doubtless  true  that  some  of  this  increase  may  be  due  to 
better  methods  of  cultivation,  yet  it  is  hardly  likely  that  this  has  proiluced  , 
any  appreciable  change  during  the  last  ten  years,  while  diu'ing  that  period 
we  have  removed  509,045  acres  of  oin*  forests,  or  more  than  oue-thii'd  of 
the  whole  amount  that  i^mained.  The  average  yield  for  eaeh  of  the  last 
three  years  is  larger  than  for  any  previous  year  in  the  history  of  the 
State.  Practically  the  same  is  true  of  our  wheat,  as  these  rtn-ords  will 
show: 

1880—1884 12.3    bushels  per  acre 

1885-1889 13.2    ])ushels  per  acre 

1890—1894 in.S    bushels  per  acre 

1895—1900 12.4<>  bushels  per  acre 

This  nearly  steady  increase  is  interrupted  by  the  very  low  acreage  of 
1895  and  181H;.  when  the  yield  per  acre  was  below  that  of  any  previous 
year  for  whicli  records  exist,  and  certainly  this  fallinjr  off  could  not  be  due 
to  deforestation  since  tlu»  tln-ee  succeeding  years  returned  to  the  normal 
yield  i)('r  n«rc.     Tlie  year  1891  produccKl  llie  largest  yield  in  the  history 
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tho  same: 

1878-1880 19.3    bushels  per  acre 

1881-1885 30.54i  bushels  per  acre 

188G-1890 27.3!)  bushels  per  acre 

1891-1895 26.26  bushels  per  acre 

189fl-nK)o 29.99  bushels  per  acre 

These  tluotuations  do  not  indicate  the  constant  deleterious  influences  of 
deforestation,  mid  in  1899  and  1900  the  yield  per  acre  reached  its  maxi- 
mum. 

The  same  peiioral  conditions  are  fomid  to  exist  in  the  case  of  other 
cereals. 

While  these  things  are  true  for  the  whole  State,  in  those  localities  that 
have  suffered  most  from  deforestation  the  amount  of  wheat  and  other 
grains  productnl  on  an  acre  has  fallen  off  with  the  steady  decline  of  the 
forests.  These  local  losses  seem  to  be  made  good  by  the  heavy  yields  of 
newly  cloariHl  ground  which  has  not  yet  felt  the  full  efltect  of  cutting 
away  its  adjoining  timber,  but  the  time  must  certainly  come  when  what 
has  ]»een  true  in  so  many  countries  will  be  found  true  here.  The  ^\x)rld 
is  full  of  examples  of  barren  and  sterile  areas  that  were  once  verdant 
and  produoti\t».  and  the  change  has  been  brought  about  as  the  result  of 
deforestation. 

The  whole  Me<liteiTanean  counti'y  was  once  the  garden  of  the  world, 
but  with  the  ruthless  destruction  of  the  forests  came  the  blight  of  di'ought, 
cruel  winds,  storms  and  snows,  that  ruine^l  rich  plantations,  made  vine- 
clad  slopes  unproductive  and  imiwverished  the  entire  basin.  Parts  of  Ger- 
many. France  and  Spain  have  taken  alarm  at  the  api>roach  of  similar  con- 
ditions and.  at  great  expense,  have  restored  to  the  lands  their  covering 
of  trees  and  tlie  return  of  prosperity  has  demonstrat^Ml  the  necessity  of 
forests  to  tlie  fertility  of  the  soil. 

One  of  the  direct  results  of  the  destruction  of  our  forests  has  been 
the  disappearance  of  oin*  springs,  the  consequent  failm*e  of  our  domestic 
water  supi)ly  and  the  variation  in  volume  and  regidarity  of  oiu*  streams. 
The  annual  rainfall  has  varied  but  little  during  the  last  fifty  years,  but 
the  method  of  its  disposal  has  materially  changinl.  The  great  water 
capacity  of  forest  soil  and  litt<'r.  the  rapidity  with  which  water  percolates 
through  it.  tlie  irn»gnlarity  of  the  forest  floor  and  the  general  absence  of 
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ditches  and  gullies,  decreases  surface  drainage  during  precipitation.  The 
uniform  covering  of  snow  in  winter  prevents  the  soil  from  freezing  and 
when  the  snow  melts  this  body  of  water  is  retained.  The  great  mass  of 
water  formerly  held  by  the  forest  and  gradually  given  out  to  the  streams 
as  they  carried  off  the  more  immediate  supply  now  flows  from  unprotected 
fields  like  rain  from  gravel  streets,  washing  away  the  best  of  the  upland, 
inundating  the  lowlands,  and  making  agriculture  along  the  banks  of  many 
streams  most  uncertain. 

Then,  too,  the  navigability  of  our  streams  has  been  seriously  affected. 
The  headwaters  no  longer  contain  sufficient  water  to  float  even  the  old- 
time  flatboat,  and  farther  down  the  stream  the  channel  is  simply  a  laby- 
rinth of  bars  and  shoals,  products  of  denuded  fields  above,  making  naviga- 
tion impracticable.  The  failure  of  our  streams  to  compete  as  formerly  in 
the  commerce  of  our  State  Increases  the  cost  of  living  and  destroys  what 
otherwise  might  be  a  great  industry. 

The  Wabash  River,  extending  northward  from  the  Ohio,  receives  tribu- 
taries from  almost  every  section  and  drains  four-fifths  of  our  common- 
wealth. The  central  and  southern  parts  arc  reached  by  the  north  and  east 
branches  of  the  White  River  and  the  north  and  north  central  parts  by  the 
Wabash  and  Tippecanoe.  The  recoitis  of  the  early  navigation  of  these 
streams  is  full  of  interest.  The  head  of  navigation  for  boats  of  small 
draught  was  Monticello  on  the  Tippecanoe,  Logansport  on  the  Wabash, 
Indianapolis  on  the  White  River,  and  on  the  east  fork  of  the  White  and 
Muscatatuck  rivers,  as  far  east  as  Scott  County.  On  the  southeast  the 
White  River  was  navigable  to  Brookville. 

Some  of  these  early  boats  had  really  a  large  carrying  capacity.  One 
built  at  Terre  Haute  for  the  navigation  of  the  Wabash  was  one  hun- 
dred and  thirty  feet  long  and  twenty-nine  feet  wide,  with  a  carrying 
capacity  of  three  hundred  and  fifty  tons. 

From  the  heads  of  navigation  and  below,  and  from  the  smaller  tribu- 
taries of  all  of  Indiana's  streams  from  many  miles  in  the  interior,  flat 
boats  carried  lumber,  pork,  poultry,  corn,  wheat,  oats,  fruits  and  hoop- 
poles  down  the  Mississippi  to  New  Orleans  and  the  returning  river  steam- 
ers distributed  great  quantities  of  freight  up  many  of  these  streams  into 
the  State.  To  some  extent  the  smaller  tributaries  of  the  Ohio  that  reached 
into  the  State  through  one  or  two  counties  were  factors  in  our  transporta- 
tion system.  But  all  of  this  has  passed  away  and  from  only  a  few  places 
on  the  lower  Wabash  do  we  receive  any  practical  advantage  from  our 
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waterways.  It  would  be  unreasonable  to  claim  that  deforeBtalion  has 
been  the  cause  of  all  this,  for  cultivation  of  open  fields  and  the  extensive 
underdrainage  of  level  areas  has  contributed  very  materially  to  theee 
results. 

Our  lumber  interests  are  of  sufficient  Importance  to  demand  our  very 
careful  protection.  They  represent  the  second  largest  industry  In  the 
State  and  with  the  disappearance  of  the  supply  of  raw  material  our  very 
large  income  from  them  will  be  seriously  curtailed.  For  many  years  our 
timber  industries  have  drawn  raw  material  from  the  best  of  our  timber 
resources  at  a  comparatively  low  price,  but  now  the  quality  of  this  material 
is  decreasing  and  the  price  increasing.  Both  of  these  factors  make  it 
difficult  for  our  manufactures  to  compete  with  corresponding  establish- 
ments located  in  timbered  districts.  To  be  sure,  much  of  the  raw  material 
could  be  shipped  in,  and  indeed  about  eighty  per  cent  of  it  is  now  im- 
ported, but  this  additional  cost  makes  it  impossible  for  our  manufac-* 
turers  to  compote  successfully  and  they  are  compelled  to  move  to  other 
States.  We  have  already  lost  some  of  our  important  plants  to  Kentucky. 
Missouri  and  Arkansas. 

In  1840  our  lumber  production  (raw  material  for  our  factories) 
amounted  to  $420,701.  in  1877  to  $10,701,428,  and  in  1893  to  $18,403,267. 

The  last  ten  years  has  seen  an  almost  phenomenal  increase  both  in 
number  and  variety  of  wood  Industries.  More  than  fifty  different  kinds 
of  establishments  are  using  wood  as  their  raw  material,  and  to  supply  this 
demand  timber  has  been  cut  without  reference  to  its  effect  on  the  land  or 
the  State. 

Some  interesting  and  striking  facts  are  discovered  from  an  examina- 
tion of  our  fruit  crops  in  connection  with  the  deforestation  of  our  lands. 
The  discoveries  are  certainly  suggestive  of  a  very  close  relation  between 
the  two. 

In  1880  the  eleven  counties  i>roducing  the  largest  yield  of  apples  were 
as  follows: 

Bushels  of       Acres  of 
Counties.  Apples.  Forest. 

Allen    1,007,576  108,132 

Crawford    G08.04a  50,005 

Harrison   610,500  81,807 

Kosciusko 602.462  52,275 

Laporte 617,353  33,457 
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Bushels  of  Acres  of 

Counties.                                                           Apples.  Forest. 

Ripley  650,735  69.183 

St.  Joseph 780,243  43,958 

Steuben  655,843  47,973 

Sullivan 1,059,149  46,867 

Washington 888,421  80,852 

Wayne 607,377  47,265 

Several  of  these  counties  are  among  the  most  heavily  wooded  of  any 
In  the  State  and.  with  the  possible  exception  of  Laporte,  they  all  contain 
a  very  large  acreage  of  forest.  The  history  of  the  apple  crops  in  connec- 
tion with  the  history  of  the  removal  of  the  timber  in  these  counties  helps 
to  Mubstantiatp  our  claim  for  tlieir  importance.  In  1897  these  counties 
made  the  following  showing: 

Bushels  of    Acres  of 
Counties.  Apples.         Forest. 

Allen 6,170  29,876 

Crawford    9.894  22,374 

Harrison 57,241  40,125 

Kosciuslco 721  24,052 

Laporte 1,304  17.490 

Ripley 7,«530  27,079 

St.   Joseph 980  9,463 

Steubt^n    432  1.74(» 

Sullivan    '...      13,123  9.718 

Washington   8.202  42,;i81 

Wayne 3.863  7,718 

From  these  figures  It  appears  that  the  counties  now  exhlblthig  the 
largest  falling  off  In  their  apple  crops  show  nearly  coiTespondlng  reduc- 
tion in  their  forest  areas  (Allen,  Sullivan.  Steuben,  Kosciusko,  St.  Joseph). 
Similar  conditions  are  not  foimd  all  over  the  State,  but  It  is  certainly 
suggestive  that  those  counties  tliat  formerly  proilucetl  the  largest  apple 
crops  and  have  suffere<l  most  from  deforestation  have  fallen  to  the  end  of 
the  list  in  their  yield  of  apples  < Steuben,  Sullivan,  St.  Joseph.  Allen),  and 
the  Importance  of  the  forest  be<.'omes  the  more  significant  when  we  dis- 
cover that  of  the  counties  formerly  producing  the  largest  crops  those 
have  fallen  off  The  least  that  Iwive  r«»moved  the  smallest  amount  of  timber 
♦  Orawford.  Harrison.  LajKn-te,  Ripley,  Wa**hIngton). 
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These  relations  are  too  signiticant  and  constant  to  be  simply  coincident, 
^ud  in  my  judgment  do  demonstrate  a  very  close  relation  l>et\veen  the  for- 
-ests  and  the  fruit  crops. 

It  is  true  that  many  counties  liiie  Tipton,  Vigo,  l*utnani  and  Hendricks, 
that  are  not  now  largely  covered  with  timber,  are  among  our  best  pro- 
■ducers  of  apples,  but  in  these  places  investigation  shows  that  the  raising 
of  apples  is  attended  with  gi-eat  (lhli<-nlty  and  si>raying  and  other  precau- 
tions are  required  tliat  twenty  years  ago  were  not  necessary.  I  do  not 
insist  that  the  presence  of  laige  tracts  of  forests  in  Indiana  are  absolutely 
necessary  for  tlio  production  of  a  successful  fruit  crop,  but  the  facts  seem 
to  show  that  such  tracts  are  conducive  to  its  best  development.  It  is 
more  than  a  coincidence  that  llarriscm  County,  with  the  largest  acreage 
-of  forest  of  any  county  in  the  State,  stands  second  in  the  size  of  its  apple 
-crop  and  tirst  in  its  peach  crop. 

The  intiuence  of  the  forest  is  nianif(v^ted  in  their  moderating  effects 
that  prevent  sudden  changes  and  extremes  of  temperature  tliat  would  be 
injurious  to  fruit  tret»s;  also  tlie  retention  of  the  snow  in  winter  prevents 
the  ground  from  freezing  and  imperiling  their  roots.  The  removal  of  the 
fon»sts  in  the  vi<-inity  of  orchards  has  caused  the  disappearance  of  the 
large  numlx'r  of  liinls  that  formerly  made  their  homes  near  but  are  now 
-drlvc'U  to  distant  forests  for  nesting  and  seldom  appear  in  the  orchard. 
These  birds  formerly  destroyed  large  numbers  of  insect  i)ests  that  now 
so  seriously  afte<t  both  trees  and  fruit.  The  general  absence  of  these 
inse<-ts  in  lie.Mvily  timbered  counties  is  doubtl(*ss  due  to  the  birds.  It  is 
not  likely  tliat  tin*  presence  of  new  insect  i)ests.  introduced  into  the  State 
in  nui-sery  stock  and  in  other  ways,  would  ac<-<mnt  for  the  d«H.*line  in  many 
counties  siiK-e  any  sucli  pest  would  soon  be  generally  distributeil  over 
the  State  and  atT*e<t  all  regions  alike.  The  raising  of  perfect  apples  is 
intended  with  ditHcnlty  and  yields  such  poor  financial  retiu'ns  that  the 
number  o\'  trees  in  the  State  has  decreased  tw(»nty-five  per  cent,  during  the 
last  twenty  yt'ars.  but  the  decline  in  the  yield  has  been  fifty-five  per  cent, 
for  the  same  period. 

There  can  be  no  question  as  to  the  intiuence  of  the  forests  on  the 
Jibimdance  and  condition  of  tlie  fish  in  (mr  streams.  The  presence  of 
fish  depends  largely  on  the  constancy  and  character  of  the  water  in  the 
stream  and  this  is  so  directly  connectcnl  with  the  size  and  lo<-ation  of  our 
forests  tliat  the  relation  is  easily  recognized. 
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Early  rocords  8lio\v  that  oiir  flBhlu^  industry  was  very  important  and 
the  source  of  no  little  revenue  that  provided  the  sole  support  of  many  of 
our  citizens.  Nearly  all  of  this  has  passed  away,  fishing  is  not  now  an 
established  business  and  the  food  fishes  are  gradually  disappearing  from 
our  streams.  It  is  true  that  seining,  dynamiting,  and  other  methods  of 
illegal  fishing  and  stream  pollution  are  I'espousible  for  much  of  this,  but 
the  complete  disappearance  of  many  streams  and  the  steady  reduction  of 
others,  with  the  uncertainty  of  their  volume,  has  been  by  far  the  largeei 
factor  in  the  decline.  This  uncea'tain  flow  and  decrease  in  volume  pre- 
vents the  stream  from  clearing  itself  particularly  in  the  summer  when  the 
danger  from  its  pollution  is  greatest.  Such  wat^s  are  not  suitable  either 
for  the  "homes  of  fish  or  their  spawning  and  we  must  change  the  character 
of  our  streams  if  we  expect  to  return  to  our  former  conditions. 

The  present  condition  of  the  forests  in  the  State  as  they  appear  fronr 
a  general  examination  makes  us  realize  the  magnitude  of  the  problem 
we  are  facing.  Nothing  succeeds  like  success,  and  to  this  might  be  added 
nothing  fails  like  failure.  This  is  exemplified  in  studying  the  large  tracts- 
of  partially  cleared  and  neglected  timber  land  all  over  our  State.  A 
great  portion  of  this  area  is  covered  with  old  and  ill-shapen  trec^s  of  valu- 
able  woods  not  removed  in  lumbering  and  many  thrifty  trees  of  wood  that 
is  not  now  considered  valuable  and,  In  addition  to  this,  many  thrifty 
trees  of  good  timber  not  yet  large  enough  to  be  marketable,  growing  with* 
out  any  care  or  attention,  too  isolated  to  secure  for  the  valuable  treee 
the  benefits  of  natural  pruning  that  would  result  in  clear  stems,  or  to  se- 
cure for  the  vicinity  the  natural  advantages  of  a  forest  in  retaining  the 
forest  litter  or  influencing  the  soil,  water  supply,  and  to  some  extent  the 
climatic  conditions.  At  the  same  time  the  trees  are  too  close  and  afford 
too  much  shade  to  permit  the  growth  of  goo<l  grass.  The  problem  is  too- 
complex  for  the  average  owner,  the  whole  area  grows  steadily  worse  and 
soon  ceases  to  excite  a  desire  for  improvement  in  the  mind  of  the  holder. 

The  causes  of  this  decline  In  our  forests,  beyond  the  legitimate  clear- 
ing for  cultivation,  have  been  many,  but  the  most  important  of  all  has  been- 
man's  greed  and  the  desire  for  immediate  realization  of  his  heritage. 
This  desire  has  not  been  curbed  by  an  appreciation  of  the  importance  of 
our  forests  to  our  prosi>erIty.  For  this  educatetl  people,  who  are  conscious 
of  the  many  important  conse^juences  resulting  from  the  decline  of  our 
forests,  are  more  or  less  responsible. 
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Some  of  the  other  causes  of  the  forest's  decline  may  be  properly  con- 
sidered in  turn. 

The  greatest  foe  that  attacks  our  forests  is  fire.  No  other  destructive 
agent  leaves  us  with  so  little  in  our  hands  to  mourn  over  or  to  form  the 
incentive  for  future  care  and  protection.  The  gi-eat  destroyer  engulfs 
-everything  it  reaches  and  we  are  left  with  ruined  and  blackened  fields 
that  indicate  the  cost  of  its  visit.  The  loss  and  danger  is  two  fold:  First, 
the  destruction  of  old  and  marketable  standing  timber  that  could  soon  be 
converted  into  cash,  and  the  stunting  and  scarring  of  many  yoimg  trees 
that  never  recover  or  make  at  most  an  insutticient  growth,  in  the  end  to 
be  discarded  as  poor  or  unsound  timber;  second,  the  loss  of  forest  humus 
4ind  of  young  sprouts  and  seedlings  that  represent  the  working  capital 
of  the  farmer  or  forester.  Upon  this  the  hopes  of  his  future  profits  depend, 
and  while  the  loss  seems  difficult  to  estimate  at  the  occurrence,  it  becomes 
more  manifest  as  time  passes  and  the  fields  Ijccome  simply  waste  land 
<.-overed  witli  herbaceous  and  shrubby  vegetation,  scattering  noxious  weeds 
over  all  tlic  region  and  bringing  no  returns  to  the  ownei*. 

The  extent  to  which  Indiana  has  suffered  from  forest  fires  can  hardly 
be  discovered.  We  have  had  no  historic  fires,  such  as  those  of  Michigan 
or  Wisconsin,  to  use  as  a  suitable  text  for  vigorous  protestations  against 
vjirelessness  on  the  part  of  farmers,  hunters  and  railroads,  but  careful 
<*stimates  show  that  we  are  annually  losing  large  sums  in  this  way,  and 
a  little  care  and  foresight  would  relieve  us  of  this  useless  waste.  In  1880 
9(>,427  acres  of  timber  were  burned  over,  resulting  in  an  estimated  loss  of 
^130,335,  and  during  that  year  no  unusual  fires  occurred.  This  indicates 
approximately  our  annual  loss.  W*»  should  take  immediate  steps  to  check 
tins  waste. 

Something  must  l)e  done  to  secure  immunity  from  the  great  loss  we 
suffer  from  browsing  animals,  which  now  prevent  the  reforesting  of  many 
tracts  that  would  otherwise  soon  naturally  grow  up  to  young  trees.  The 
pasturing  of  our  wood  lots  prevents  the  possibility  of  natural  increase  in 
the  for(»st  acreage  and  deprives  the  forest  soil  of  much  of  its  value  from 
the  destruction  of  its  litter  by  tlie  stamping  of  cattle.  This  can  be  more 
^tficiently  i-enuHlied  ]>y  se<^-uring  tlie  cooperation  of  the  ownei*  than  by 
legislation. 

The  State  also  loses  much  from  destructive  lumbering.  A  visit  to  any 
of  our  large  timber  tracts  shows  the  reckless  waste  from  this  cause. 
Without  any  thought  of  the  future  a  tract  is  cleared  of  its  timber  and  only 
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till*  best  of  tlie  loK«  jnv  drawn  out.  Fre<iiiently  larj^e  tops  with  their 
limbs  that  ini^ht  hv  iitilizcMl  in  many  ways  are  left.  Small  trees  or  sup- 
lings  arc  reniovetl  for  wood  or  are  cut  down  In  making  roads  and  In  clear- 
ing and  the  possibility  of  early  reforestation  is  destroyed. .  The  debris  of 
such  reckless  loggiiijr  operations  remains  on  the  ground  to  invite  destruc- 
tive fungi  and  insects  and  furnish  fuel  for  fires  that  otherwise  might  run 
out  if  the  ground  was  dear  or  covered  with  a  thrifty  growth  of  young 
trees. 

The  mark(Kl  Incretise  in  tlic  number  of  <M)ncerns  using  small  and  s  c- 
ond  growth  timber  makes  it  important  that  we  watch  the  development  of 
our  young  forests  lest  they,  too.  fall  a  victim  to  man's  greed  before  they 
are  of  sufficient  size  to  be  profltai)ly  markete^i  or  before  plans  for  system- 
atic cutting  are  inaugurated. 

InstH.'t  ravages  are  a  source  of  very  serious  loss  to  <»ur  forests  in  many 
parts  of  the  State.  Our  records  show  occasional  outbreaks  in  various 
localities  and  whole  forests  are  frequently  denudwl.  W'liile  in  the  major- 
itj'  of  cases  this  (h)es  not  at  once  result  in  the  death  of  the  tree,  it  does 
produce  serious  loss  in  its  «*flr<»ct  on  the  re<luce<l  gi'owth  and  diminution 
in  thickness  of  the  annual  ring,  that  valual>Ie  increment  tliat  rei>resents 
practically  the  only  return  to  the  owner.  Frciiuently  deformations  and 
alMH'tions  of  various  parts  result  from  tlie  attack  of  l)orers  and  other 
inse<rts.  In  most  cases  it  is  hardly  practicable  to  inaugin-ate  extermina- 
tive  measun^s  when  any  consideral»le  area  is  affecttnl  l»ecause  of  the  great 
cost  and  dilflculties  in  treatment,  but  where  local  (mtl>reaks  occur,  due  to 
particularly  dangercms  i>ests  like  the  San  Jos<^  scale,  and  the  whole  region 
is  threatened,  the  State  can  well  afford  to  co<>perate  and  iiromptly  l>ack 
such  measures  as  will  result  In  wiping  out  the  cause  of  tlie  danger. 

A  most  important  and  i>ractical  precaution  to  prevent  the  increase  in 
insects  and  fungi  is  to  remove,  as  far  as  iM»ssil»Ie,  old  stumps  and  logs, 
cut  down  and  convert  into  wood  or  lumber  dead  trtM's,  or  remove  their 
bariv.  and  thus  deci-ease  tlie  jiossibllity  of  the  multiplh-ation  of  the  pests 
l>y  destroying  their  usual  and  most  fre<iuent  i>n»edlng  i>la<-es. 

.\s  far  as  I  have  l>een  able  to  ol>serve.  our  Stat^  lias  suflfere<l  little  in 
the  way  of  o.vtensive  outbrealxs  In  any  particular  lo<'ality  from  parasitic 
fungi,  and  while  a  goo<lly  number  of  species  of  these  destroying  agents 
may  l>e  found  in  tiie  State,  yet  they  are  of  the  kind  that  attack  very  old 
or  dead  timl>er  and  could  l>e  readily  controlled  by  pr(M>er  attention  to  the 
destruction  of  tiieir  usual  breeding  places.  ,ts  was  suggested  in  the  case 
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of  the  insect  pests.  Tin;  inarkcting  of  timber  deteriorating  from  the  pres- 
ence of  fungi  wonld  preclude  serious  loss. 

Of  other  forest  enemies,  storms,  lightning,  snow,  gnawing  animals,  etc., 
we  have  our  occasional  outbreaks.  T>ut  none  of  sufficient  magnitude  in 
recent  years  to  cause  serious  loss.  The  destruction  frequently  resulting 
from  the  first  agent  could  usually  be  very  much  reduced  if  prompt  meas- 
ures were  taken  to  market,  as  soon  as  iK>sslble.  all  timber  that  had  in  any 
way  been  irreparably  injured. 

We  should  carefully  guard  every  avenue  of  waste.  Our  inexhaustible 
fuel  beds  should  be  made,  as  far  as  possible,  to  take  the  place  of  the  more 
valuable  timber  that  is  now  l)eing  used  for  wood.  Many  so-called  worth- 
less and  cheap  wooils  c^mld  doubtless  be  substituted  for  valuable  kinds 
now  generally  use<l  and  a  more  accurate  knowledge  of  the  properties  of 
our  various  woods  by  our  woo<l  Avorkers  would  efFe<*t  a  great  saving. 
More  ui)-to-date  methods  of  sawing,  happily  now  l>eing  largely  used, 
wouhl  also  increase  our  resources. 

Tilt*  lniiM)rtance  of  our  forests  to  our  State  should  now  be  apparent. 
Their  influence  <»n  tlie  rainfall  secures  in  time  and  place  results  of  greatest 
benefit  to  all.  They  likewise  influence  in  a  beneficial  way  the  immediate 
climatic  conditions,  tlie  value  of  our  soil  for  agricultural  purposes  and  the 
priMluction  of  a  satisfactory  fruit  crop.  They  determine  very  largely  the 
nunilM'r  and  cliaracter  of  <mr  streams,  their  importance  as  water-ways, 
and  the  abundaii<(»  of  food  fi.shes.  They  are  indispensable  to  flourishing 
manufactnriiij;  and  commercial  industries,  thus  affecting  the  distribution 
of  population.  I  may  also  add,  we  owe  something  to  them  for  the  mainte- 
nance of  good  sanitation  and  low  mortality. 

The  very  much  d(»plct(Hl  condition  of  our  forests  and  the  danger  of 
their  complete  destniction  from  the  forces  just  enumerated  calls  for 
immediate  and  vigorous  action.  This  sliould  be  along  two  well  defined 
lines:  education  and  legislation.  The  land  owners  of  the  State  can  be 
force<l  to  do  Imt  little,  but  by  judicious  and  united  efforts  a  public  senti- 
ment can  be  created  in  favor  of  tiic  movement  and  the  nmjority  of  the 
forest  owners  will  join  in  the  efforts  to  secure  practical  results. 

The  State,  county  and  township  agricultural  assot^iations  at  all  public 
gatherings  should  present  forestry  topics  for  discussion,  and  here,  as  else- 
where. <'ompetenl  persons  should  present  the  facts  applicable  to  local 
conditions,  giving  to  the  farmers  simple  and  practical  directions  for  the 
care  of  their  forests  and  the  most  economical  methods  for  increasing  their 
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acreage.  At  fairs  and  meetings  of  associations  opportunity  is  nearly 
always  afforded  for  sucb  worlv.  Our  teachers  should  be  urged  to  give 
at  their  gatherings  frequent  opportunity  for  the  presentation  of  sucb 
forestry  matters  as  would  be  appropriate  to  the  occasion.  At  our  agri- 
cultural college  and  in  connection  with  several  of  our  public  educa- 
tional institutions  courses  in  forestry  should  be  given  so  that  our  coming 
generation  of  agriculturists,  teachers  and  professional  men  may  deal 
with  our  problems  in  an  intelligent  way.  We  need  in  every  community 
men  trained  in  forestry  matters  who,  even  though  they  may  not  be 
actively  engaged  in  forestry  worlj,  will  be  the  leaders  of  public  sentiment 
and  the  organizers  of  movements  in  the  direction  of  forest  care.  Some 
of  these  men  may  in  time  be  encouraged  to  supplement  the  work  of 
the  State  by  securing  control,  at  tax  sales  or  in  other  ways,  of  suitable 
forest  lauds  and  managing  them  in  a  manner  to  obtain  a  permanent  in- 
vestment, tliat  could  be  made  to  yield  a  reasonable  return  to  their  pos- 
terity. In  some  countries  large  estates  have  been  left  in  this  way,  pro- 
tected by  proper  conditions  that  would  prevent  subsequent  holders  from 
depreciating  the  value  of  the  investment,  that,  well  managed,  would  yield 
a  very  liberal  return. 

Although  the  State  does  not  own  forest  lands,  she  should  educate  her 
citizens  in  this  subject  for  the  same  reason  that  she  now  does  in  agri- 
cultural matters,  even  though  she  is  not  engaged  in  agriculture. 

It  is  also  important  that  the  public  schools  lend  their  influence  to  this 
f-ause  in  devoting  some  part  of  thieir  time  to  the  general  study  of  our 
trees  and  the  value  of  our  forests.  This  need  not  ])e  introduced  into  the 
curriculum  as  a  regular  subject,  but  in  connection  with  the  nature  work 
in  the  grades  some  few  matters  might  be  presented  and  in  the  high  school 
a  few  talks  to  the  whole  student  body  each  term  would  accomplish  veiy 
much,  indeed  a  simple  recognition  of  the  importance  of  the  subject  would 
greatly  assist  in  securing  a  hearing  with  the  young.  A  German  proverb 
says,  **\\Tiatever  you  would  have  api>i»ar  in  the  nation's  life  you  must  in- 
troduce into  the  public  school,  and  in  not  doing  this  we  are  missing  one 
of  the  most  important  means  of  bettering  -^ur  forestry  conditions.*' 

Fortunately  one  day  has  l>een  sot  apart  for  the  consideration  of  our 
forest  interests,  and  the  proper  observance  of  arl3or  day  in  our  State  aflTords 
one  of  the  very  best  niothmls  of  presenting  this  subject  to  the  people. 
This  day  should  be  carofnlly  observed  in  every  school  district  in  the  State 
as  a  holiday  and  appropriate  exercises  should  be  prepared  for  the  occa- 
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Bion.  In  these  exercises  the  pupils  of  our  public  schools  should  take  as 
prominent  a  part  as  possible  by  reading  suitable  poems  or  presenting 
essays  on  various  subjects  connected  with  our  trees  *and  forests. 

In  addition  to  this  there  should  be  presented  to  the  people  at  these 
gatherings  a  thoroughly  practical  tall£  by  some  one  trained  in  frwestry 
matters  on  subjects  that  will  reach  the  farmers,  who  own  ninety-seven 
per  cent,  of  the  forests,  and  direct  them  in  improvements  and  worlt  that 
will  result  in  a  betterment  of  our  forestry  conditions.  An  effort  should  be 
made  to  correct  the  prevailing  impression  that  forestry  means  the  hoarding 
of  trees.  It  should  be  clearly  explained  that  the  application  of  proper 
methods  would  result  in  inaugurating  a  system  of  intelligent  cutting  that 
would  bring  to  the  owner  the  largest  yearly  returns  without  impairing  his 
investment.  It  should  be  further  explained  that  there  is  no  desire  to  re- 
forest land  well  adapted  for  cultivation,  but  rather  to  cover  with  forests 
the  vast  areas  of  brush  and  waste  land,  that  in  1893  represented  thirty-five 
'per  cent,  of  our  total  acreage,  and  that  only  in  this  way  can  these  tracts 
be  made  profitable. 

The  thorouglmess  with  which  the  State  is  settled  makes  it  likely  that 
this  land  is  unfit  for  cultivation,  and  if  this  could  be  added  to  our  perma- 
nent forests,  and  tliese  properly  managed,  our  condition  would  be  almost 
satisfactory.  This  waste  land  is  well  scattered  throughout  the  State,  but 
several  large  tracts  are  located  in  Harrison,  Parke,  Perry,  Jackson  and 
Crawford  coimtie.«5.  and  these  should,  if  possible,  be  secured  by  the  State. 
No  other  line  of  activity  offers  as  large  returns  with  so  little  labor  as  the 
reclaiming  of  those  waste  tracts.  A  little  tree  planting,  pruning,  and  clear- 
ing of  worthless  stock  for  wood  to  pay  the  cost  of  tlie  work,  and  the  pro- 
tection of  these  trees  from  forest  enemies  would  soon  secure  a  forest  that 
would  become,  if  properly  managed,  a  permanent  and  paying  investment. 
An  especial  effort  should  be  made  to  reclaim  all  of  this  land  that  is 
located  in  any  way  to  influence  our  streams  and  if  possible  restore  to  the 
State  these  important  factors  in  our  i)rosperity. 

In  some  States  the  results  from  the  work  of  arlK)r  day  have  been  very 
imiK)rtant.  In  New  York,  last  year,  the  day  was  observed  in  10,251  school 
districts,  and  in  twelve  years  229,016  trees  have  been  planted.  Our  State 
should  not  l>e  beliind  in  this  matter. 

The  next  important  means  by  which  we  hope  to  secure  a  betterment 
of  our  forestry  <c)n<liti(ms  is  through  legislation.  The  history  of  forestry 
legislation  in  Indiana  at  the  opening  of  the  last  legislature  was  summed  up 
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by  an  eminent  botanist  who,  in  discussing  the  forestry  laws  of  several 
States,  said  of  Indiana  that  she  had  notliing  to  offer  in  this  direction. 
While  this  does  represent  the  main  facts  in  the  case  it  does  by  no  means 
tell  the  whole  storj'.  A  law  passed  in  1890  exempted  from  taxation  per- 
manent forest  land  containing  not  less  than  170  trees  per  acre  and  also 
any  areas  that  might  be  planted  to  the  same  number  or  more,  cultivated 
a  few  yejirs  and  protected  from  cattle  for  a  stated  time.  A  like  exemption 
could  be  secured  by  bringing  land  containing  100  or  more  trees  to  the  same 
standard  and  maintaining  it  as  a  forest. 

This  law  has  in  it  much  that  i.s  good,  but  the  results  of  its  opeiration 
demonstrate  the  difficulty  of  a<'complishing  much  by  leg^iBlation  without 
provision  for  education.  This  law  was  intended  to  induce  owners  to  secure 
a  compactness  that  would  mal<e  their  timber  lands  forests  in  all  that  this 
term  means  to  the  forester  and  thus  prevent  the  clearing  of  land  below 
the  point  where  it  ceased  to  be  a  forest  and  became  a  woods  i^asture.  The 
financial  consideration  was  not  enough  to  attract  any  very  large  number  of 
people  and  the  farmer  was  not  made  to  see  the  beneficial  effects  of  the 
forest  so  preserved  or  the  possibility  of  their  management  to  secure  profit- 
able returns.  Further  no  attempt  was  made  to  direct  the  owner  in  his 
efforts  to  bring  his  depleted  forests  to  the  standard  where  exemption  could 
be  secured  and  consequently  the  total  acreage  was  not  increased.  But 
284  exemptions,  including  5,312  acres,  have  been  secured  in  the  whole 
State. 

The  law  passed  by  the  last  legislature  seems  to  be  a  wise  one  in  that 
it  places  the  foresti*y  matters  of  the  State  in  charge  of  a  properly  organized 
board  with  authority  to  make  all  desirable  recommendations  for  the  regu- 
lation of  our  forests.  The  last  legislature  deserves  oiu*  special  commenda- 
tion in  its  taking  the  first  official  step  and  establishing  a  board  of  for- 
estry. I  am  certain  that  this  board  will  receive  the  hearty  support  and  co- 
operation of  the  Academy  of  Science  and  of  the  public  spirited  citizens 
who  have  for  many  years  persistently  urged  attention  to  our  forestry  in- 
terests and  thus  liave  opened  the  way  for  forestry  legislation.  To  secure 
any  permanent  benefits  additional  laws  must  be  enacted,  whenever  such 
as  {U'c  suitable  to  our  local  conditions  are  suggested,  and  the  campaign  of 
education  inaugurated  must  be  pushed  by  all  friends  of  foi'estry.  Had  the 
State  adopted  any  radical  legislation  without  the  thorough  study  of  the 
situation  within  our  borders  it  might  have  resulted  in  a  misfit,  since  only 
those  forestry  laws  are  really  effective  that  are  based  on  the  exact  needs 
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of  a  locality.     Additional  legislation  must  follow  investigation  and  not 
precede  it. 

What  it  is  possible  to  accomplish  by  forestry  legislation  may  be  dis- 
covered by  an  examination  of  the  legislation  In  those  States  that  have  done 
most  in  forestry  matters.  A  few  of  these  States  have  worked  out  prob- 
lems very  similar  to  those  that  now  confront  us  and  from  them  we  may 
learn  much.  In  New  York,  as  the  pioneer  in  this  counti*y,  the  legislation 
has  developed  as  the  result  of  experiment  and  investigation  with  the  single 
purpose  of  preserving  to  the  State  its  valuable  forests.  The  State  first, 
In  1885,  secured  control  of  certain  large  tracts  of  virgin  forest  and  placed 
the  management  of  these  in  the  hands  of  a  forestry  commission.  This 
commission  was  given  charge  of  all  forestry  mattei*s,  including  the  collec- 
tion and  dissemhiation  of  information,  the  care  of  forest  fires,  the  re- 
forestation of  new  lands,  and,  in  fact,  was  the  custodian  of  the  State's 
forests.  This  l>oard  has  been  several  times  reorganized,  until  the  men  who 
compose  it  are  each  charged  with  the  responsibility  of  a  certain  part  of 
the  State's  work.  The  remuneration  is  sufficient  to  obtain  thoroughly 
competent  persons  for  each  department  and  thus  secure  a  businesslike 
service.  This  board  has  expended  more  than  $3,000,000  in  the  purchase 
of  forest  lands  of  the  Adirondack s.  With  it  all  they  have  wisely  guided 
public  sentiment  until  the  people  are  wholly  in  sympathy  with  the  work 
and  are  i^roud  of  their  foresight  in  saving  to  the  State  so  much  that  is 
vitally  connected  with  its  prosperity.  In  addition  to  this  New  Yoirk  has  es- 
tablishe<l  a  school  of  forestry  that  has  already  accomplished  much  toward 
solving  many  problems  peculiar  to  American  forests.  It  is  fortunate  that 
New  York  has  been  so  generous  in  conductmg  her  experiments  on  such 
a  large  scale,  for  tlie  outcome  of  this  will  be  of  incalculable  aid  to  other 
States  which  have  tlio  same  problems  to  face.  We  can  not  copy  European 
forest  metho<ls  and  liope  to  secure  the  greatest  efficiency  in  our  forest 
work.  Principles  are  valuable  but  the  methods  of  their  application  must 
vary. 

In  Pennsylvania  the  history  of  forest  legislation  shows  the  usual  re- 
sults. Failure  t(>  fix  resiwnsibility  and  to  arouse  public  sentiment  made 
the  law  lnoi)erativ(»,  ])ut  in  1807  the  people  were  stirred  to  action,  forc^st 
fires  were  pronii>tly  i>ut  out  and  the  State  lias  established  forest  reserves 
by  retaining  the  land  that  came  to  it  from  the  nonpayment  of  taxes  and 
in  condemning  for  that  pun>ose  suitable  tracts  at  the  headwaters  of  her 
principal  streams.     Laws  relieving  forest  land  owned  by  farmers  from 
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taxation  has  done  much  to  encourage  tree  planting,  and  what  was  missed 
In  our  own  law  has  been  secured  here  by  educating  the  people  to  a 
realization  of  the  importance  of  Immediate  action. 

The  States  of  New  York,  Pennsylvania,  Wisconsin,  Minnesota  and 
Michigan,  representing  the  most  advanced  position  In  forestry  matters 
and  in  accord  with  the  best  judgment  of  the  foremost  forestry  experts  in 
the  United  States,  have  recognized  the  Importance  of  the  State  in  the 
control  of  her  forests  and  the  dangers  of  leaving  an  Industry  so  vitally 
connected  with  the  prosperity  of  her  people  wholly  in  the  hands  of  private 
parties.  The  aim  of  the  most  rational  forestry  legislation  should  be  to 
permit  the  State  to  obtain  control  of  large  tracts,  located  suitably  to 
Influence  the  head  waters  of  our  streams  and  our  agricultural  interests 
and  secure  permanency  to  our  lumber  industries,  and  then  place  the  man- 
agement of  these  in  the  hands  of  trained  foresters  who  would  secure  from 
them  a  financial  profit  to  the  State  in  addition  to  maintaining  their  highest 
efllciency  as  forests.  Then  the  maintenance  of  smaller  tracts  that  may 
be  acquired  from  the  nonpayment  of  taxes  and  adding  to  these,  as  occasion 
presents,  lands  not  especially  suited  for  agricultural  purposes.  This 
policy,  in  those  States  where  its  effects  have  been  observed,  has  received 
the  universal  support  of  the  people.  Depredations  interfering  with  the 
best  development  of  the  State  reserves  can  be  controlled  by  positive  legis- 
lation that  will  fix  responsibility  and  punish  the  guilty.  Forest  thieves, 
fires,  browsing  on  public  lands,  etc.,  could  all  be  controlled  with  ease. 
In  whatever  is  done  tlie  State  must  taiie  its  citizens  into  its  confidence 
and  be  prepared  to  defend  each  i>olicy  or  line  of  action  by  cai*eful  figures 
based  on  facts  secured  from  the  local  conditions.  The  State  should  like- 
wise avoid  anything  that  savors  of  a  monopoly  in  this  enterprise  and 
should  in  eveiy  way  encourage  private  capital  to  t^oOperate  in  the  work. 

It  would  doubtless  be  out  of  place  at  this  time  to  make  suggestions  for 
radical  legislation  since  the  present  forestry  board  will  no  doubt  soon  have 
plans  along  this  line  l)a.se<l  on  the  very  careful  study  of  the  local  condi- 
tions. I  wish,  however,  to  commend  to  the  consideration  of  our  legislators 
the  very  comprehensive  and  rational  law  before  the  Michigan  legislature 
last  winter.  Tliis  in  my  judgment  is  the  most  perfect  plan  of  forestry 
legislation  that  lias  been  presented  in  this  country.  This  bill  was  prepared 
by  a  forestry  commission  appointed  in  1899,  and  was  based  on  the  needs 
as  discovered  from  a  study  of  the  conditions. 


The  organization  of  the  fire  warden  force  is  most  complete;  it  places 
responsibility  carefully  and  makes  the  expense  of  fighting  fires  faJl  largely 
upon  the  counties  in  which  it  exists,  and  if  any  negligence  on  the  part  of 
the  warden  is  discovered  the  whole  burden  falls  on  the  county  in  which 
he  is  shown  to  be  remiss.  A  series  of  State  reserves  are  to  be  established 
in  suitable  localities  where  land  can  be  secured  from  that  which  has  come 
to  the  State  because  of  the  nonpayment  of  taxes.  The  entire  management 
of  these  forests  is  placed  in  the  hands  of  the  commission,  and  they  are  em- 
powered to  appoint  a  trained  forest  warden,  with  assistants,  who  will 
have  the  immediate  management  of  these  lands  and  be  responsible  to 
the  colmmrssion.  Appropriations  are  made  for  the  woric.  and  every  phase 
of  it  seems  to  be  covered  by  carefully  drawn  and  very  comprehensive 
legislation.  While  the  laws  are  based  largely  on  those  of  New  York,  they 
contain  a  few  improvements,  and  in  some  rospe<^ts  they  might  be  safely 
adopted  by  our  own  State  as  more  applicable  to  our  conditions.  Certain 
details  of  the  laws  in  many  States  are  very  valuable,  but  the  aim  of  our 
State  should  be  toward  practical  results  and  not  to  experiment  with  any 
plan  unless  it  has  proven  to  be  applicable  to  many  cases  and  might  be 
effective  in  our  own.  The  people  must  be  shown  the  wisdom  of  each  step 
and  this  will  make  our  forestry  work  easy. 

A  word  of  caution  in  connection  with  the  subject  of  legislation  may  not 
be  out  of  place.  (Jreat  cure  should  l)e  exercised  against  the  possibility  of 
excessive  exemption  from  taxation  or  tlie  raising  by  tax  of  money  to  pay 
premiums  on  forest  plantations,  else  tlie  burden  will  fall  too  heavily  on 
our  agricultural  regions  that  are  not  fortunately  located  for  forests,  and 
result  in  a  prejudice  against  any  forestry  legislation.  While  such  legisla- 
tion is  a  great  incentive  to  forest  attention  and  does  stimulate  a  healthy 
interest  in  forest  matters,  it  must  not  be  too  liberal  or  continued  beyond 
a  period  when  its  educational  effect  is  desirable,  since  practical  forestry 
is  a  profitable  occupation  and  should  stand  on  its  own  merits.  True  some 
farmers  have  tried  it  and  failed,  so  have  they  tried  farming  and  not  met 
with  succ(?ss,  but  long  experience  with  forests  under  many  and  varied 
conditions  has  demonstrated  the  success  of  the  plans,  and  there. can  be  no 
question  as  to  its  outcome  in  our  State.  The  problems  tliat  confront  us 
in  Indiana  may  be  briefly  stated  as  follows: 

1.  Preservation  of  our  forests  now  located  on  lands  that  are  not 
suitable  for  agriculture  and  the  management  of  tliese  tracts  so  that  their 
productiveness  will  be  permanent. 
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2.  The  reforestation  in  the  most  economical  way  of  similar  lands, 
now  denuded,  and  securing  for  them  tlie  very  best  management  possible. 

3.  The  maintenance  of  such  other  tracts  as  may  be  necessary  to  secure 
the  proper  protection  to  our  agricultural,  commercial,  and  sanitaiy 
interests. 

4.  The  securing  of  all  needed  legislation  that  will  place  our  forestry 
interests  in  the  hands  of  competent  persons  and  supporting  them  by  all 
authority  necessary  to  secure  wise  management  and  pei-manency  to  the 
proper  conditions. 

As  bearing  upon  the  direct  solution  of  tliese  problems  I  may  be  per- 
mitted to  make  sOme  specific  recommendations.  The  State  should  estab- 
lish forest  reserves  in  different  sections  where  at  the  public  expense  pe- 
culiar problems  connected  with  each  locality  could  be  worked  out  by 
experts  in  charge  and  plans  presented  that  would  be  sufficiently  pi*ofitable 
to  induce  private  capital  to  engage  in  the  undertaking.  It  is  further  de- 
sirable that  the  State  follow  the  plan  already  inaugurated  in  this  country 
and  establisli  in  connection  with  one  of  our  State  institutions  a  scliool  of 
forestry  where  our  people  could  be  trained  in  tliis  branch  of  industrial 
activity  and  where  the  forestry  interests  of  the  State  could  be  centered. 

But  in  all  of  these  matters  the  intelligent  support  of  Indiana's  best 
citizens  is  solicited  and  it  is  only  with  the  hearty  cooi)eration  of  every 
one  that  anything  worthy  of  our  great  State  can  be  accomplished. 

Many  fascinating  fields  for  work  and  investigation  along  these  lines 
are  opening  in  Indiana,  and  it  is  hoped  that  our  scientific  friends  may  be 
induced  to  cooperate  with  our  State  board  in  these  matters. 


Correlation  of  Forestry  and  the  SciKNCEs. 
W.  H.  Freeman. 

Forestry  as  the  science  of  promoting  and  fostering  the  forest  area  by 
preservation  and  cultivation  has  a  significant  correlation  with  the  more 
prominent  sciences  of  geography,  zoology.  engine«»ring,  manufacture  and 
government. 

This  as  a  fact  is  beyond  questioning,  but  the  ways,  manner  and  extent 
of  the  correlation  are  not  generally  known,  nor  have  educators,  especially 
in  the  United  States,  given  it  merited  consideration.  There  are  excuses  for 
this.    Educators  and  the  people  generally  are  not  to  be  censured  for  this 
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lack  of  attention  in  the  preservation  and  cultivation  of  forests,  even  for 
their  own  good  aside  from  the  good  of  science.  Forestry  is  a  subject  of 
very  recent  agitation  in  America  and  especially  is  it  so  in  Indiana,  but  it 
is  growing  steadily. 

President  Koosevelt  voices  this  condition  of  the  knowledge  of  forestry 
in  the  opening  stMi fence  of  his  message  bearing  on  the  subject.  He  says, 
"Public  opinion  throughout  the  United  States  has  moved  steadily  toward 
a  just  apprei^-iation  of  the  value  of  forests."  Trusting  that  you  all  are 
familiar  with  wliat  lie  says  about  forestry  in  his  nn»ssage,  I  shall,  express- 
ing my  appreciation  for  such  eminent  recognition  of  it,  pass  to  the  dis- 
cussion of  tlio  connective  phases  mentioned  at  the  beginning. 

Forestry  as  a  science  issue,  it  seems  to  mo,  is  far-reaching  in  its 
influences.  I  tliink  with  consistent  reason  it  can  l)e  sliown  that  there  is 
scarcely  an  industrial  or  intellectual  life  wliich  forestry  does  not  affect 
dirc»ctly  or  indirectly. 

Geograpliy  and  forestry  are  closely  connected  in  matters  of  climate, 
drainage  and  surface  contour.  Forests  by  their  presence  have  marked 
influencets  on  climate  in  governing  the  phenomena  of  temperature,  moisture 
and  storms.  It  is  asserted  by  students  of  the  subject  that  the  denudation 
of  forests  is  the  cause  of  tlie  growing  extremes  of  temperature,  violent 
atmospherii-  clianges,  changed  precipitation,  moisture  waste  through 
heightened  evai)oration  and  the  unhindered  flow  over  the  surface  to  the 
streams. 

The  arguments  are:  First,  the  forest  foliage,  as  a  transpiratory  agent, 
is  a  great  source  of  moisture  to  the  atmosphere;  second,  the  foliage  by 
its  shade  i)revents  the  sun's  rays  from  striking  the  earth's  surface  and 
thus  prevents  evai>oration;  third,  the  forest  litter,  humus  and  roots,  col- 
le<;t,  hold  and  store  tlie  rainfall  for  the  gradual  and  constant  resource  of 
water  for  streams  and  springs;  fourth,  the  lack  of  forest  litter,  humus  and 
roots  permits  tlie  rainfall  to  flow  quickly  over  the  surface  to  the  streams 
and  away,  thus  facilitating  the  drying  up  of  springs  and  streams  and  re- 
stricting tlie  climatic  agents. 

In  addition  to  the  facts  stated  above,  deforestation  means  the  uninter- 
rupted sway  of  the  winds  to  carry  destruction  witli  them  and  allows  the 
sun's  rays  unbroken  to  overheat  tlie  surface  and  cause  abnormal  atmos- 
pheric conditions  resulting  in  violent  storms. 

I  ne<^d  only  to  remind  you  that  the  climatic  equilibrium  is  different 
from  ten  years  ago.     The  temperature  extremes  for  the  year  1880  were 
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101  and  25.  In  1896  they  were  103  and  22.  More  frequent  storms  of  de- 
structive character  occur  throughout  the  summer,  and  the  fall  and  lay  of 
snow  is  not  so  constant  as  formerly.  I  am  not  prepared  to  say  that  the 
annual  precipitation  Is  much  less  than  before  deforestation,  but  believe  the 
almost  certain  annual  drouth  is  heightened  because  the  rainfall  is  not  con- 
served to  the  soil  because  of  the  conditions  before  mentioned. 

Forestry  and  drainage  are  reciprocal.  The  surface  drainage  is  changed. 
No  one  rationally  doubts  it.  It  is  contracted  generally,  more  quiclvly  spas- 
modic in  overflow  and  becoming  more  intermittent.  The  streams  in  for- 
mer times  under  conditions  of  dense  woods  contained  water  all  the  yeac 
round.  The  rivers  dammed  by  fallen  trees  and  drift  prevented  the  hasty 
escape  of  the  water  from  their  beds.  But  now  the  drifts  are  gone  and 
for  the  greater  part  of  the  year  the  streams  are  stagnant  and  dead.  This 
is  true,  especially  of  the  Pigeon,  Eel  and  Wabash  rivers.  Many  of  the 
lakes  have  shrunlven  in  area  and  the  small  creeks  and  streams  no  longer 
exist. 

The  same  causes  answer  for  these  conditions  as  for  the  climate;  les- 
sened transpiratory  agents,  increased  facilities  for  evaporation,  aided 
escape  of  the  rainfall  and  destroyed  storage  conditions. 

The  unhindered  flow  of  the  rainfall  over  the  surface  correlates  for- 
estry and  erosion.  Erosion  is  altering  in  many  places,  to  a  considerable 
extent,  the  contour  of  the  State  and  resulting  in  serious  damage  to  the 
streams.  Tlio  surfac-e  is  l)eing  j^ullied  and  tlie  soil  carried  into  the  streams 
an<l  sprinjrs.  tlierel)y  clopging  and  filling  them  up. 

This  devastation  of  tlip  streams  relates  forestiy  and  zo('>log>'.  The 
congestion  of  the  streams  with  the  erosive  sediment  filling  up  the  deep 
holes  and  the  intermittent  flow  are  destructive  to  the  propagation  of  many 
of  the  fishes.  The  drying  up  of  the  deeper  sloughs  and  swamps  is  extermi- 
nating the  mollusks  and  crustaceans.  The  same  may  be  said  of  every 
other  water-inhabiting  species. 

It  may  be  argued  that  in  many  instances  it  is  well  such  is  the  case, 
but  for  science  it  is  not  good. 

Forestry  and  ornithology  are  mutually  relateil.  The  destruction  of 
the  forests  means  the  destruction  and  extinction  of  many  of  the  birds. 
Trees  are  the  natural  homes  of  most  of  our  lieautiful  birds.  It  is  in  the 
forest  that  they  nest  and  hatch  their  yoiuig.  The  larger  food  birds  of  both 
land  and  water  habitations  are  almost  entirely  extinct  in  this  State.  The 
same  is  true  of  many  of  the  finest  si)t'cies  of  plumage  and  song  birds. 
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All  these  facts  so  far  given,  you  may  say,  are  not  because  of  forestry, 
but  from  the  lack  of  it.  It  is  sadly  true,  and  forestry  at  best  can  not 
hope  to  retrieve,  but  it  can,  if  properly  conducted,  nourish  the  neglected 
condition  and  foster  the  remnants.  The  science  of  engineering  and  for- 
estry are  mutually  affected,  as  is  also  manufacture  and  construction. 
"Timber  physics"  is  the  term  applied  to  these  relations.  Forestry  in  Its 
most  complete  development  should  strive  to  make  known  the  properties 
of  all  timbers  used  for  purposes  of  engineering,  manufacture  and  con- 
struction. This  knowledge  should  be  extended  to  cover  the  properties  of 
timber  structure,  physical  conditions  of  growth  and  mechanical  qualities. 
To  be  of  value  the  tests  made  should  be  of  the  largest  number,  speci- 
men and  physical  limitations.  A  definite  knowledge  of  these  and  their 
relation  to  the  mechanical  proi>erties  will  be  of  inestimable  value  to  users 
of  wood  in  the  lines  of  work  mentioned. 

Since  we  are  beginning  to  plant  forests,  the  production  of  wood  merely 
is  of  the  smallest  consideration,  but  to  produce  at  the  same  time  quality 
of  wood  is  the  thing  to  be  considered.  It  is  the  endless  variability  in  tim- 
ber physics  that  has  kept  it  in  the  background,  but  I  believe  with  the 
thorough  Inauguration  of  systematic  forestry  it  must  come  to  the  front. 

It  is  a  well-known  fact  by  all  who  have  to  handle  wood  in  constructive 
connections  that  our  knowledge,  technically,  of  wood  proi>erties  is  very 
unsatisfactory  and  has  resulted  in  untold  loss  in  evei-y  conceivable  manner. 

In  matters  of  forestiy  and  government  there  are  to  be  found  at  the 
present  time  some  of  the  most  scientific  problems  for  legislation  and  con- 
trol. The  management  and  control  of  the  United  States  forest  reserves 
against  depredations  of  cutting,  grazing,  cultivation  and  fires,  and  the 
problem  of  irrigation  and  irrigation  reservoirs  for  the  reclamation  of  the 
arid  sections  of  the  Middle  West  from  regions  of  desolation  to  areas  of 
life,  industry  and  prosperity  Involve  difliculties  of  interstate  significance 
and  large  public  interest. 

In  closing,  I  say  it  seems  to  me  the  iK)ints  discussed  are  some  of  the 
ways  in  which  forestiy  and  the  .sciences  are  related.  As  "scientific,  like 
spiritual  truth,  has  ever  from  the  beginning  been  descending  from  Heaven 
to  man,"  so  let  it  continue,  and  remain  for  science  to  substitute  facts  for 
appearances  and  demonstrations  for  Impressions. 

Facts  in  all  these,  definitely  ascertained  and  generally  disseminated 
and  taught  in  the  schools,  will  rebound  in  lasting  good  to  an  energetic 
people.    This  means  for  Indiana.    The  saying,  "We  hail  science  as  man's 
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truest  friend  and  noble  helper"  was  never  more  applicable  than  now  and 
at  home.  1  appeal  to  you  as  men  of  science  to  lend  a  helping  hand  and 
bring  forth  the  ti*uth  to  a  receptive  humanity. 


Relation  of  Scientific  Organizations  to  Manufacturers. 

R.  B.  Polk. 

In  looking  over  the  constitution  and  by-laws  of  this  organization.  I 
find  8tate<l  among  its  objects  the  following:  "To  assist  by  investigation 
and  discussion  in  developing  and  making  known  the  material,  educational 
and  other  resources  and  riches  of  the  State.  To  arrange  and  prepare  for 
publication  such  reports  of  investigation  and  discussions  as  may  further 
the  aims  and  objects  of  the  Academy  as  set  forth  in  these  articles." 

Being  idcntlAed  with  the  manufacture  of  certain  food  products,  and 
being  a  member  of  this  organization,  has  induced  me  to  give  some  thought 
to  the  results  which  might  be  produced  if  there  could  l>e  consummated  a 
closer  relationship  between  this  society  and  manufacturers.  In  suggest- 
ing- that  a  movement  of  this  kind  be  inaugurated.  I  am  talking  it  for 
granted  that  the  paramount  motives  of  tliis  organization  are  for  the  en- 
lightenment of  the  public  at  large,  and  the  advancement  of  science  in 
general. 

It  is  a  fact  that  there  is  a  certain  amount  of  prejudice  on  the  part 
of  manufacturers  against  scientists,  which  I  believe  to  be  dire<*tly  due  to 
a  lack  of  understanding  and  coSperation.  There  is,  in  fact,  too  much  an- 
tagonism between  manufacturers  and  our  health  officers.  This  is,  per- 
haps, due,  to  some  extent,  to  impractical  and  incompetent  men  being 
placed  In  these  positions.  It  may,  indcMHl.  be  laid  in  some  cases  to  the 
fault  of  the  laws  they  are  trying  to  enforce.  And.  though  I  whisper  it, 
it  may  be  due  to  a  desire  on  the  part  of  some  manufacturers  to  use 
fraudulent  methods  in  the  sale  of  their  goods. 

It  is  a  belief  too  primaiy  to  question  that  science  in  the  hands  of 
men  of  genius  has  been  directly  responsible  for  nearly  all  great  improve- 
ments in  the  production  of  pure  foods.  We  have  to  but  mention  such 
names  as  Appert,  Pasteur.  T^iebig,  Hansen,  Jorgensen  and  others  and 
investigate  tlu»ir  works  to  substantiate  this  assertion. 
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There  have  recently  been  some  efforts  made  on  the  part  of  organized 
manufacturers  of  food  products  to  utilize  the  services  of  some  chemists 
and  bacteriologists  to  solve  certain  scientific  problems  bearing  on  processes 
for  canned  goods.  All  such  efforts  have,  however,  been  spasmodic  and 
have  been  dropped;  the  results  thus  being  minimized.  I  believe  that 
what  is  needed  to  produce  real  results  is  quiet,  persistent  effort,  and  I 
think  necessarily  on  the  part  of  an  organization. 

There  are  three  ways  in  which  manufacturers  have  need  of  organized 
scientific  aid:  First,  in  the  practical  work  of  production;  second,  regulat- 
ing our  food  laws;  third,  in  educating  the  public  to  the  use  of  pure  foods, 
and  to  the  fact  that  such  goods  can  not  be  produced  as  cheaply  as  adul- 
terated ones. 

While  it  is  necessary  for  the  manufacturer  to  understand  the  mechan- 
ical details  and  general  processes  of  his  factory,  it  is  impracticable  for  him 
to  become  an  authority  on  the  obscure  scientific  details.  The  ordinary 
farmer  will  not  leave  his  work  to  investigate  the  mineral  constituents  of 
i-ertain  plant  cells,  however  great  the  scientific  value.  The  brewer  does 
not  care  to  know  whether  or  not  the  bacteria  which  sours  his  product  is 
si)ore  forming,  so  he  has  a  method  of  keeping  clear  of  them.  The  baker 
d<K?s  not  care  what  particular  variety  of  yeast  he  uses  if  he  has  the 
right  one,  and  it  is  pure  enough  for  practical  uses.  Yet,  the  foundation  of 
his  business  depends  upon  the  separation  and  purity  of  the  yeast  he  em- 
ploys. The  canner  will  not  investigate  what  action  sulphite  of  soda  will 
liave  on  tin  until  it  has  cost  him  $60,000  in  one  year,  'as  was  experienced 
by  a  packer  a  few  years  ago.  Thousands  upon  thousands  of  dollars  have 
lH»en  lost  because  such  facts  as  these  have  been  unknown.  In  fact,  the 
field  is  so  broad  that  work  in  many  departments  of  an  organization  would 
l>e  necessary. 

There  is,  and  has  been,  great  need  in  our  States  of  a  source  of  un- 
prejudiced authority  on  tlie  subject  of  foods  which  could  be  referred  to 
in  framing  laws.  Legislatures  are  fickle.  Health  otflcers  are  subject  to 
political  cliansu'c,  which  makes  the  interpretation  of  the  law  subject  to 
^'change  witliout  notice."  I  am  not  presuming  that  it  is  the  scope  of  this 
society  to  become  a  political  factor,  but  had  it  been  operating  on  the  lines 
1  have  sugjjosKMl  it  would  only  be  a  natural  sequence  for  it  to  become  an 
advisory  authority  for  lawmakers  as  well  as  manufacturers. 

In  order  to  show  some  of  the  uncertainty  the  manufacturers  have  to 
deal  with,  I  will  read  extracts  from  two  different  letters.    One  from  the 
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Food  Commissioner  of  Pennsylvania,  the  other  from  the  Chief  Chemist  of 
t^e  Agricultural  Department,  which  is  in  answer  to  an  inquiry  made  by 
a  chemical  house  in  New  York.  The  following  is  from  the  Food  Commis- 
sioner of  Pennsylvania: 

"A  number  of  manufacturers  of  'catsup'  have  represented  that  the 
strict  enforcement,  at  this  tinio.  of  rule  No.  12.  of  the  decisions  piiMisshed 
in  Bulletin  No.  30,  by  this  department,  so  far  as  it  relates  to  catsup,  will 
seriously  injure  their  business.  They  state  that  the  catsup  for  next  year's 
irade  was  manufactured  before  the  rule  referred  to  was  issued  and  that 
the  goods  now  contain  a  preservative,  known  as  benzoate  of  soda,  the  use 
of  which  is  prohibited  under  the  law.  Whilst  rule  No.  12  does  not  abso- 
lutely prohibit  the  use  of  preseri'ativee  in  food,  it  does  fix  the  responsibility 
upon  the  manufacturers  of  showing  that  a  preservative  is  nec^essary.  and  in 
case  of  doubt  as  to  its  effect  up(m  the  health  of  the  consumer,  of  slwwing 
that  it  is  not  injurious.  Before  strictly  enforcing  any  new  law.  or  new 
ruling,  the  Dairy  and  Foml  Commissioner  has  always  given  manufacturers 
and  dealers  reasonable  time  in  which  to  be  heard,  and,  if  necessary,  to  get 
rid  of  adulterated  goods  already  on  the  market,  and  this  is  in  recognition 
of  the  fact  that  all  reputable  manufacturers  and  dealers  desire  to  comply 
with  every  lawful  regulation  of  trade  for  the  prote<*tion  of  the  public 
health,  and  only  need  to  know  what  the  law  is,  and  l>e  given  reasonable 
time  to  adjust  their  l>usiness  to  its  requirements.  In  order,  therefore,  to 
give  time  for  the  proper  settlement  of  the  points  at  issue,  the  enforce- 
ment of  rule  No.  12.  so  far  as  it  relates  to  the  use  of  a  moderate  quantity 
of  benzoate  of  soda  in  catsup,  is  suspended  until  opi>oi*tunity  shall  be 
given  manufacturers  to  make  clear  tlie  fact  that  its  use  is  necessary  and 
not  injurious  to  health.  A  meeting  will  be  arranged  for  in  the  near 
future,  at  which  all  who  are  interested  can  have  opportunity  to  be  heard." 

It  seems  that  the  theory  of  the  law  has  been  reversed  in  this  case 
by  holding  a  thing  wrong  until  it  is  proven  right.  This  letter  Is  practically 
a  retraction,  and  it  Is  very  evident  the  law  was  passed  without  fair 
investigation. 

The  following  is  from  a  chemist,  which  was  written  in  answer  to  a  let- 
ter from  a  chemical  house  which  manufactures  carmine: 

••I  am  in  receipt  of  your  letter  of  the  3d  inst.  relating  to  the  classifica- 
tion of  carmine.  I  appreciate  the  position  in  which  you  are  placed,  but 
do  not  consider  that  It  would  be  permissible  to  class  carmine  with  vege- 
table colors.    Of  <'ourse.  it  is  not  a  coal  tar  derivative  and  has  never  been 
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alleged  to  be  injurious  except  when  used  in  the  form  of  a  tin  lake.  Strictly 
speaking,  however,  as  I  said  l>efore.  it  is  not  a  vegetable  color  and  I 
should  not  be  inclined  to  class  it  as  such.  It  is  unfortunate  that  there  is 
so  large  an  element  who  regard  all  vegetable  colors  as  harmless  and  all 
others  as  objectionable." 

You  will  notice  from  these  letters  that  it  is  almost  impossible  for  the 
manufacturer  to  get  definite  lines  to  work  to. 

To  kill  an  evil  we  must  get  at  its  head.  The  greatest  excuse  for 
adulterated  goods  is  that  the  public  wants  something  that  looks  nice,  and, 
above  ail,  something  that  is  cheap.  As  long  as  this  demand  exists,  it 
will  be  satisfied.  It  is  true  we  have  laws  requiring  adulterated  gooils  to  be 
labeled  as  such,  but  they  are  juggled  with  to  such  an  extent  that  they  con- 
fuse the  public  all  the  more.  While  these  requirements  are  in  force  con- 
cerning the  labeling  of  adulterateil  goods,  there  is  no  stamp  of  approval 
provided  for  the  pure  food,  and,  the  consuming  public  being  unacquainted 
with  the  label  reiiuirement,  has  to  take  the  manufacturer's  word  for  it. 

Laws  regarding  adulterated  foods  are  necessarily  technical.  Tech- 
nicalities can  not  reach  the  spirit  of  a  manufacturer,  though  he  may  com- 
ply with  their  literal  re^iuU-ements.  Foods  may  be  and  are  prepared  un- 
der the  most  filtliy  and  unsanitary  conditions,  yet  fill  the  te<*hnical  re- 
iiuirement s  of  the  law. 

How  much  greater  the  incentive  to  a  manufacturer  if  he  could  have 
liis  goods  and  methods  inspected  and  receive  suggestions  from  an  un- 
l)rejudi»tMl  organization,  which,  by  its  researches,  had  become  thoroughly 
•competent. 

I  believe  tlie  State  of  Indiana  could  not  make  a  greater  move  in  favor 
of  pure  foods  and  InMiefit  the  public  more  tlian  by  delegating  power  to 
the  Indiana  Academy  of  Science,  if  it  were  willing,  to  place  on  goods  which 
had  passc<l  its  inspection,  its  stamp  of  approval.  While  the  public  should 
l»e  protected,  tlie  manufacturer  should  be  encouraged.  In  conclusion  I 
wish  to  say  that  the  needs  which  I  have  tried  to  present  are  real  and  not 
imaginary.  Wliile  there  would  probably  be  considerable  apathy  on  the 
part  of  some  manufacturers  in  cooi>erating  with  this  movement,  those 
who  are  really  interested  in  the  quality  of  their  products  will  greet  a 
movement  of  this  kind  with  their  enthusiastic  support. 
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Mounds  and  Burial  Grounds  of  Bartholomew  County,  Indiana. 
J.  J.  Edwards,  M.  D. 

It  has  repeatedly  been  stated  that  there  are  no  artificial  earthworks 
or  mounds  within  the  county  which  may  be  ascribed  to  a  prehistoric  race. 
After  investigation  and  numerous  inquiries  we  sum  up  the  data  thus  ob- 
tained and  offer  it  for  what  it  is  worth  to  the  student  of  archaeology: 

1.  A  circular  mound  sixty  feet  in  diameter  and  about  tliree  feet  high^ 

but  by  cultivation  now  almost  level  with  the  surface  of  the  field, 
is  situated  on  the  farm  of  Henry  Blessing,  in  Wayne  township, 
section  1,  township  8,  north,  range  5  east.  Some  years  ago  it  was 
explored  and  five  skeletons  were  found,  besides  numei'ous  stone 
implements.  Many  articles  of  stone,  together  with  fragments  of 
bones,  have  since  been  obtained.  A  man  named  Sam.  Clark  found 
an  entire  skull,  which  he  used  as  a  ''drinking  gourd.'*  This  mound 
is  one  and  a  half  miles  northeast  of  Wailesboro. 

2.  There  Is  a  small  circular  mound  on  the  Lloyd  Moulridge  farm,  two 

miles  west  of  Cox's  Crossing,  in  Columbus  township,  in  section  34,. 
township  9,  north,  range  5  east.  Mr.  Oscar  Lowe  informs  me  that 
several  skeletons  and  relics  have  been  unearthed  here.  It  has  not 
been  systematically  explored. 

3.  There  is  a  small  circular  mound  just  north  of  the  Jackson  and  Bar- 

tholomew county  line  and  south  of  the  farm  of  Eli  Marquette.  It 
is  situated  in  a  strip  of  woodland  east  of  the  highway  which  runs 
southeast  from  JonesvlUe,  and  is  in  section  IG.  township  7,  norths 
range  ♦>,  east.    1  do  not  know  if  it  has  l>een  explored. 

4.  While  opening  the  Wailesboro  railroad  gravel  pit  a  large  skeleton  was 

exhumed.  Beside  him  were  buried  several  relics  of  stone,  among 
which  was  a  beautiful  gorget  of  polished  striped  slate,  now  in  my 
possession.  It  Is  different  from,  but  more  nearly  resembles,  the 
gorget  figured  as  130,  page  118.  of  the  thirteenth  annual  report  of 
the  Bureau  of  Ethnoh)gy  (Washington,  D.  C.  1891-92.  published 
1896.)  than  any  I  have  seen  flguretl. 

5.  In  1901,  on  opening  a  gravel  pit  just  north  of  Waile8l>oro.  in  section  12^ 

in  the  angle  forme<l  by  the  pike  and  railroad  and  north  of  the 
crossing,  a  human  skeleton  was  imearthed,  but  no  relics  were 
obtained.  This  was  about  one  hundred  yards  north  of  the  place 
where  the  large  skeleton  above  referred  to  was  exhuniwl. 


6.  There  is  a  mound  located  on  the  Pence  farm,  on  Flatrock  River,  Flat- 

roclt  township,  two  miles  northeast  of  Cliflford;  explored  by  Dr. 
Arwine  in  1898.    Bones,  ashes  and  arrow-points  were  found. 

7.  There  is  a  mound  one  and  one-half  miles  east  of  the  last  mentioned. 

(No.  6)  on  .Tames  Hagar's  farm.    Never  explored. 

8.  Burial  place  on  farm  of  .Tames  Remy,  near  Burnsville.    See  eleventh 

Geological  Reix>rt.  1881,  page  204. 
J).    Bones  liavo  been  talvcn  from  the  Remy  gravel  bed,  near  Burnsville. 
Ibid, 
10.    Bonos  have  becMi  talven  from  the  Haclver  burial  place.    Ibid, 


Microscopical  ORciANisMs  Found  in  the  LaFavette  (Ind.) 

Reservoir. 

Severance  Burrage. 

The  reservoir  of  the  city  of  La  Fayette  is  located  in  a  park  on  Oak- 
land Hill,  the  highest  point  of  land  east  of  the  city,  with  an  altitude  of 
about  two  hundreil  feet  above  the  level  of  the  Wabash  River.  The  reser- 
voir itself  is  built  up  above  the  surrounding  land  level,  and  the  survey 
head  of  the  reservoir  is  given  as  two  hundred  and  thirty-two  feet.  The 
reservoir  is  not  quite  two  hundreil  feet  square,  has  a  depth  of  twenty- 
eight  feet,  and  a  capacity  of  four  million  two  hundred  thousand  gallons. 
The  water  with  which  this  reservoir  is  supplied  is  obtained  from  the 
regular  city  supply  wells,  wiiich  are  driven  forty  or  more  feet  into  the 
bed  of  the  Wabash  River.  The  water  from  these  wells  is  remarkably 
pure  and  free  from  organisms.  A  recent  bacteriological  analysis  showed 
but  one  germ  to  a  cubic  centimeter,  and  a  microsc*opieal  examination  was 
a  complete  blank.  Of  course,  tliis  remarkable  purity  is  at  once  lost  when 
this  water  is  pumptnl  up  to  tlie  reservoir  and  exposed  to  the  air  and  smi- 
light. 

It  is  the  purpose  of  this  paper  to  give  a  census  of  the  micro-organisms, 
exclusive  of  tlie  bacteria,  found  in  tliis  reservoir  water,  the  figures  being 
obtained  from  twenty  microscopical  analyses,  covering  a  period  of  five 
years: 
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Mazimnm  nnmber   Average      Percentage 

in  any  in  of 
Diatoms—                                  one  sample.       all  samples,    oooorrenoe. 

Asterionella  8,700  271.8  (jO 

Cyclotella 2,500  129.5  50 

Diatoma   600  10.9  30 

Navicula 3,100  108.C  75 

Synedra 135,400  18,706.6  100 

Pinularia 200  3.8  25 

Coeeoneis   600  15.4  25 

Gomphoiiema 100  0.9  5 

Meridion  100  0.9  5 

Oocconema 300  8.1  20 

Meioslra   4.200  47.2  10 

Fragilaria 300  4.4  15 

Nitzschla 50  0.4  5 

Tabellaria 50  0.7  10 

J 

Algae— 

Chaetopliora 100  5  5 

Oedogoniuin  100  5  10 

Raphidium  50  0.4  5 

Protococcus  100  5  5 

Sconedesmiis  2.800  671.4  20 

Fungi-  - 

Crcuothrix   4,400  1<.K>.4  35 

Begglatoa 1,200  00  10 

Infusoria— 

Dinobrj'on 64,000  6,546.6  90 

Peridinium 28,900  1,031.8  50 

Uroglena  800  75.3  25 

Rotatoria— 

Anurea TaH)  126  25 

Polyartlira   100  5  5 

('rustacea— 

Cyclops  10  0.6  15 

Total  nuinl>er  of  species  represented.  27. 

Particular  attention  is  called  to  the  three  forms.  Uroglena.  Asterionella 
and  Dinobiyon. 
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The  eoloiiy-biiilding  infusorial  form  Iroglena  has  appeared  in  the  water 
of  the  La  Fayette  reservoir  rather  regularly  in  the  summer  months  since 
1800,  ajid  has  been  the  cause  of  much  annoyance  to  the  water  works  offi- 
cials. At  such  times  it  has  imparted  a  very  disagreeable  odor  and  taste 
to  the  water,  leading  many  consumers  to  complain  that  there  were  dead 
fish  or  eels  in  tlic  pipes.  In  tlie  summer  of  1808  it  bei-ame  necessary  to 
have  the  water  completely  drawn  oflf  from  the  reservoir  in  order  to  thor- 
oughly cleanse  it  and  get  rid  of  the  lUoglena.  There  has  been  no  serious 
trouble  since  that  time. 

The  star-shaped  diatom  Asterionella,  although  occurring  in  considerable 
numl>ers,  has  not,  as  far  as  Ivuown,  causeil  any  noticeable  effect  on  the 
odor  or  taste  of  the  water.  Yet  this  is  the  organism  which  has  so  often 
given  the  cliaracteristic  geranium  taste  to  many  eastern  water  supplies. 

Another  infusorial  form,  Diiiohryoti,  is  present  in  the  water  of  the 
reservoir  in  large  numbers  at  tlie  present  time.  Should  this  number  in- 
crease to  any  great  extent,  we  may  expect  to  have  a  fishy  odor  and 
taste  imparted  to  the  water. 

Aside  from  these  three  alK)ve  mentioned  forms,  the  organisms  found  in 
the  reservoir  have  practically  no  effect  on  the  odor  or  taste  of  the  water. 


Physical  Observations  of  the  Planet  Mars  at  the 
Opposition  of  1901. 

W.  A.  Cogshall. 
Observations  of  tlie  last  opposition  of  Mars  were  made  at  the  Kirk- 
wood  Observatory  of  Indiana  University  from  tlie  time  the  twelve-inch 
telescope  was  in  pla<c.  early  in  Kebruary.  till  late  in  May.  The  observa- 
tions consisttMl  uiainly  in  drawing  tlie  surface  markings  and  were  car- 
ried on  nearly  every  good  niglit  between  the  dates  mentioned.  The  draw- 
ings sul>mitt«Ml  herewitli  were  all  made  lietween  Februarj'  15  and  May  1. 
Drawings  of  two  <lit1'erent  ol)servers  are  included  in  the  series,  part  being 
by  Pn»fess()r  J.  A.  Miller,  an<l  part  by  the  writer.  Where  the  drawings 
of  both  for  the  same  night  are  placed  together  they  are  generally  marked 
by  th(»  pnMM'r  initials.  In  all  this  work  the  drawing  was  done  as  inde- 
pendently as  pcjssilile.  neitlier  looking  at  the  other's  drawing  until  l)oth 
were  complete.  It  will  be  seen  that  in  every  case  the  markings  drawn 
are  ess(Miti:illy  the  same,  although  the  drawings  vary  slightly  both  in 
detail  and  in  the  location  <»f  the  dark  arens.  l»r.  Miller  almost  always  plac- 
ing tlM»  dark  regions  (►f  the  southern  hemisphere  somewhat  farther  to 
the  south  tlian  did  tlie  writer. 
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Tliis  opposition  was  not  nearly  so  favoral)le  to  the  observation  of  sur- 
face diaraoteristios  as  some  in  the  past,  as  Mars  and  the  earth  were  so 
situated  that  at  tlie  time  of  opposition  Mars  was  at  his  greate>?t  distance 
from  the  sun,  wliile  tlie  earth  was  at  its  least  distanc»e,  thus  malilng  the 
distance  between  Mars  and  the  earth  almost  a  maximum.  So  great  is  the 
ec'centricity  of  the  planet's  orbit  that  this  distance  at  opposition  may  vary 
from  thirty-five  million  miles  to  over  sixty-two  million  miles.  In  this 
ease  it  was  near  the  latter  limit,  the  nearest  approach  being  on  the  22d 
of  February. 

This  opposition  was  also  somewhat  unfavorable  if  we  compare  results 
with  those  obtained  in  1802  and  1804,  in  that  the  southern  i>ole  of  the 
planet  which  was  at  that  time  turned  toward  us,  at  this  opi>osition  was 
turned  away  from  us. 

The  large  dark  areas  on  the  planet  are  mainly  in  the  southern  hemi- 
sphere and  are  the  most  easily  seen  of  anything  on  the  surface  except  the 
polar  cap.  It  will  be  observeil  that  there  are  also  large  dark  areas  in  the 
northern  hemisphere,  but  these,  for  the  most  part,  are  very  changeable, 
both  in  size  and  shape  and  intensity,  indicating  probably  that  they  are 
really  water  and  that  the  change  is  purely  seasonal  in  character.  One  of 
the  most  conspicuous  markings  on  the  planet  at  the  time  of  opposition  was 
the  great  polar  ice  cap.  It  will  be  observe<l  that  the  ejirly  drawings  all 
represent  this  feature  as  large,  and  the  brilliant  white  color  made  it  stand 
out  in  a  very  conspicuous  manner  against  the  yellow  and  red  of  the  rest 
of  the  surface,  while,  toward  the  end  of  the  series,  the  cap  has  diminished 
in  size  so  as  to  be  easily  overlooked  altogether.  It  will  also  \>e  observed 
that  the  ice  cap  is  i^j)resented  with  a  dark  fringe  surrounding  it,  that 
this  fringe  follows  the  edge  of  the  cap  as  it  melts  away,  and  that  at  the 
same  time  the  dark  arejis  near  this  pole  become  much  enlarged  and  much 
more  intense  in  contrast  with  the  bright  yellow  of  the  disk.  This  tends 
to  show  that  the«e  dark  patches  are  really  water  and  as  the  iK>lar  snows 
melt,  the  water  runs  out  over  the  comparatively  level  surface  in  great 
pools. 

A  few  of  the  numerous  so-called  canals  are  shown.  As  to  just  the 
character  and  origin  of  these  objects  there  has  been  a  great  deal  of  dis- 
cussion. Their  reality  was  even  questione<l  for  some  time  after  tlieir  dis- 
covery, but  of  that  there  can  now  be  no  doubt  at  all.  These  canals  were 
first  seen  by  Schlaparelli  in  1877,  and  from  that  time  till  the  present  they 
have  been  a  constant  source  of  perplexity.     The  same  observer  sliortly 
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afterward  aiinoiiiiced  that  at  certain  seasons  these  canals  ai>]>eared  to  be 
doubled,  and  the  same  thing  has  been  seen  many  times  since,  although  as 
yet  there  is  no  really  probable  (explanation  (►ITenHl.  It  has  been  supix)sed 
to  l.»e  an  optical  etTe«-t  by  some,  and  due  to  atmospheric  causes  by  others, 
and  by  sonn*  it  is  thought  that  the  canal  is  really  double.  This  doubling 
is  shown  in  the  drawing  made  on  April  7. 

As  the  rotation  period  of  Mars  is  about  tliirty-nine  minutes  longer  than 
our  day.  by  looking  at  the  planet  at  the  same  hour  on  successive  nights 
we  will  see  any  particidar  marlxing  shiftiMl  to  the  right  from  the  center 
by  about  10  degrees  Martian  longitude  for  each  night.  We  are  therefore 
able,  in  the  course  of  aiiout  tliirty-eight  days,  to  view  the  whole  surface 
by  looking  for  a  sliort  time  each  night,  and  the  rotation  is  sutficiently 
rapid  so  that  even  in  tlie  <Mause  of  three  or  four  hours  the  amount  of 
new  detail  brouglit  int(»  view  is  large. 

In  the  drawings  of  February  15  the  most  conspicuous  part  of  the  whole 
disk  is  the  great  northern  ice  cap  with  a  large  dark  area  bordering  it. 
The  dark  band  of  c(»lor  across  the  southern  part  of  the  planet  is  a  portion 
of  tliat  great  area,  supposed  at  one  time  to  be  water,  and  near  the  center 
of  the  disk  are  two  of  the  so-called  canals,  wddch,  on  this  night,  could 
be  followe<l  only  for  a  short  distance. 

In  all  these  drawings  the  contrast  lietween  the  light  and  dark  parts  of 
the  planet  has  been  drawn  greater  than  it  really  appears,  so  that  the 
drawing  would  reproduce  l»etter.  The  outlines  have  been  made  distinct  or 
hazy  as  tliey  appeared,  Init  the  dark  parts  of  the  planet  are  not  so  dark 
generally  as  shown  here. 

By  comparing  the  drawings  of  February  1.")  and  those  of  February  20, 
the  eastward  drift  of  about  ten  degrees  per  day,  mentioned  above,  has 
brought  into  view  a  very  dark  and  conspicuous  marking  which  will  be 
found  a  niinilu'r  of  times  in  the  drawings  of  later  date  and  which  was 
always  connected  witli  the  dark  area  about  the  pole  by  a  well  defined  but 
irregidar  <lark  mark  l»c>;t  sliown  in  tlie  drawings  of  the  early  part  of  April. 
This  was  ih«*  tirsi  real  detail  ever  seen  on  the  planet  and  was  drawn  by 
Huygiiens  in  l^U')!*.  ir  lias  jirobably  receivcnl  n;ore  attention  from  observers 
than  any  (Hher  part  of  the  planet.  This  <lark  line,  with  many  more,  from 
the  polar  seas  lea<ling  toward  the  equator  natin*ally  suggests  that  the  so- 
called  canals  do  really  carry  away  the  water  resulting  from  the  melting 
snow.  As  they  are  about  thirty  miles  wide,  it  has  been  suggested  as 
more  probable  that  they  are  really  strii»s  of  vegetation  bordering  the 
5— Academy  of  Science. 
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canal  proper,  aud  it  is  al»o  probable  that  nuich  of  the  dark  belt  cx>verlDg 
the  greater  part  of  the  Bouthern  hemisphere  is  due  mainly  to  vegetation. 
These  areas  deeiKMi  in  color  very  decidiKlly  at  a1.)out  the  time  the  water 
would  reach  them  if  it  were  really  conducte^l  from  the  iwles  to  the  equa- 
torial regions  in  the  canals,  and  after  tile  ice  cap  is  all  melted  aud  no  evi- 
dence of  other  water  supply  is  visible,  these  areas  again  turn  lighter  iu 
color  as  if  the  vegetation  dried  up  or  died. 

Some  of  those  who  have  done  the  most  in  the  ol)servation  of  the  planet 
aj'e  of  the  opinion  tliat  the  extreme  rej^ularity  and  geometric  exactness  of 
the  canal  system  indicate  tliat  it  is  artificial  in  its  origin  and  it  is  only  fair 
to  say  that  this  is  the  api)earnnce  of  the  planet  wlien  seen  to  the  best 
advantage.  While  this  idea  leads  to  tht»  i-ontlusion  that  there  is  or  has 
been  some  sort  of  intelligent  life  on  Mars,  yet  tlie  canal  system  (be  they 
real  canals  or  something  else>  has  as  yet  no  other  explanation  which  we 
can  consider  at  all  possible.  If  we  assume  tlie  existence  on  tlie  planet  of 
some  sort  of  intelligent  life,  a  canal  system  such  as  we  see  would  be 
essentiaJ,  as  we  can  see  no  storms  and  but  very  few  clouds,  the  whole 
water  sui)ply  l>eing  apparently  tlie  melting  polar  cap. 

On  the  other  hand,  it  is  possibh*  that  tlie  polnr  caps  are  not  ice.  Init 
some  other  materiaJ  which  will  vaporize  In  the  Martian  sunlight  and 
solidify  during  the  long  pt)lar  niplit.  Tiilcss  Mars  has  some  h^ource  of 
heat  which  the  earth  has  not,  tlie  temperature,  even  at  the  best,  must  be 
far  beh)w  that  experienced  at  the  same  latitude  on  the  earth:  and  as  the 
atniospliere  is  not  more  than  one-half  as  dense  as  ours  this  difference  in 
temperature  is  greatly  intensitied.  It  has  \n^vn  sujigested  that  the  caps 
are  soli<lltied  carbon  dioxide  and  we  can  not  say  that  they  are  not.  The 
most  tliat  can  be  said  for  this  theory  is  that  carbon  dioxhle  will  act  that 
way  at  a  h>w  enough  tenii>erature.  but  it  fails  to  exphiin  in  any  degree 
the  seasonal  changes  in  color,  and  sngj^rests  no  use  or  orljrin  for  the  marks 
called  canals.  The  ice  tlieory  accounts  for  everything  but  the  temperature 
to  melt  it. 

Conseijuently.  the  <*liniati<-  conditions  on  Mars,  the  i>hysical  charac- 
teristics of  its  surface,  its  habitability  and  inhabitants  are  still  oi)eh  ques- 
tions np(»n  whi<*h  much  time  and  labor  must  be  exi)ende(l  before  we  can 
say  much  about  them  with  certainty. 
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A  Problem  in  Geometry. 


J.  A.  Cbaowall. 


\T 


TO  CONSTRUCT  A  SQUARE  THAT  SHALL  BE  ^  OF  A  GIVEN  SQUARE. 

The  method  given  below  can  not  be  new,  nor  does  it  involve  any  new  pro- 
cesaes  or  discoveries;  but  in  all  the  textbooks  examined  by  the  writer  no  mention 
has  been  made  of  such  method. 

It  is  here  given  because  of  its  simplicity  and  directness,  in  the  hope  that 
some  teacher  will  consent  to  lighten  the  work  of  the  pupil  in  geometry  to  that 
extent.    The  construction  is  as  follows : 

I^t  ABCD  be  the  given  square.     Lay  off 
on  one  side  of  the  square,  as  AD  a  distance 

DE  equal  to  ^  of  AD.      Then,   CDEF  is    a 

rectangle  with   base  equal   to  a  side  of  the 

M 

square  and   altitude  -t;.  of  it.    Then  CDEF  is 

■ZT-  of  the  bquare      Now   construct  a  square 

equivalent  to  this  rectangle  and  we  have  a 

t^      .'  M    ,   ^      . 
Sijuare  that  is  -    of  the  given  square. 


Some  Investigations  in  the  Electro-Deposition  of  Platinum. 

J.  A.  Cragwall. 

When  the  work  for  this  paper  was  be^^un.  it  was  witli  no  intention 
of  niakinj?  any  study  of  the  deposition  of  platinum,  Init  to  obtain  a  foil 
that  could  l)e  used  to  separate  an  eleetrolyte  into  two  eoi apartments  and 
at  the  same  time  to  set  up  uo  l)arriei's  to  the  passajre  of  a  oiiri'out  of  elec- 
tricity: it  was  tliou^fht  tliat  in  this  way  some  new  lijjrht  mijfht  be  thrown 
on  the  subjfM-t  of  tlie  migration  of  ions.  Not  beinj?  al)ie  to  s<»ciire  plat- 
inum leaf  thin  enouj^li  for  the  purpose,  an  ettVu-t  was  made  to  make  it  by 
depositing  platinum  ehN-trolytically  on  some  metal  tliat  oouhl  afterwards 
be  di.ssolv(Hl  and  leave  tlie  platinum  intart.  Tlie  work  proved  of  presiter 
proportions  than  was  anticipate<l.  so  that  tlie  limited  amount  of  time 
would  only  permit  a  partial  investigation  into  the  action  of  the  ekH'trolyte 
and  the  character  of  dei)osit.    The  available  literature  on  the  subject  was 


very  monger,  tbe  bibliogrni)hy  of  the  deposition  of  metals  giving  very  little 
light. 

Dr.  William  H.  Wahl,  of  riillacielphia,  has  written  a  pamphlet  which 
deals  with  the  siibjtx't  (lualitatively  an«l  in  a  rather  indefinite  manner.  In 
the  investigation  several  problem.s  presenteil  tliemselves  for  iK^ution, 
among  thi^ni  being  tlie  following: 

I.    The  metal  that  nhall  be  used  for  the  catho<le; 
II.    The  solution  of  platinum  to  use  for  elwtrolyte: 

III.  The  cuiTent  density  that  gives  the  best  charaeter  of  deiK)sit  at  the 

most  rapid  rate: 

IV.  The  concentration  of  solution  tliat  gives  bi»st  results; 

V.    Tlie  temperature  that  gives  liiglicst  efficiency  and  l)est  character  of 

deposit : 
VI.    If  tiie  foil  is  porous  or  granular,  the  way  to  treat  it  so  as  to  remedy 

the  defect  and  get  a  dense,  tough  deposit; 
VII.    The  li<|uid  tliat  will  dissolve  the  metal  of  the  cathode  and  leave  the 
platinum  foil  intact. 
Most  of  these  problems  are  very  closely  related,  so  that  results  for 
several  w(Me  sometimes  olitained  from  tlie  same  set  of  experiments. 


On  ac<'0unt  of  tlie  smooth  surface  it  will  talvo.  the  oa.se  with  which  it 
may  he  dissolved,  tliat  it  will  take  a  dcix)sit  of  another  metal  so  readily, 
and  that  it  can  be  rolled  into  thin  sheets.  coi)pcr  seems  the  best  metal  for 
the  cathode.  The  an<Kb\  of  course,  should  be  platinum,  carl>on  or  other 
substance  tliat  will  not  be  acted  on  by  the  nascent  gas  set  free  in  tlie  reac- 
tion. 

II  AND  III. 

The  salt  of  idatinum  used  must  be  such  that  it  is  easily  dissolved  and 
will  start  up  no  harmful  secondary  action  during  the  passage  of  the  cur- 
rent. IMatinic  chloride  will  not  serve  on  account  of  this  last  restriction. 
Platinic  hydrate,  however,  is  alm(>st  ideal  and  was  us(h1  in  all  experi- 
ments. 

At  first  an  effort  was  made  to  use  platinic  hydrate  dissolved  in  oxalic 
acid,  forming  oxalate  of  platinum,  the  pniportions  used  being— 

1  oz.  platinic  hydrate, 

4  oz.  oxalic  acid, 

4<HM)  (».c.  distilled  water. 
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Experiments  gave  the  highest  current  density  that  could  be  used 
witliout  the  appearance  of  platinum  blaciv,  as  being  about  .0001  amperes 
per  square  centimeter,  and  even  then  there  was  a  slight  appearance  of  gas 
at  the  cathode.  The  liquid  was  of  a  clear  straw  color  when  warm,  becom- 
ing purple  on  cooling;  but,  after  allowing  the  current  to  run  for  about  15 
minutes,  a  dark  cloudy  apiM?arance  was  noticed  at  the  anode  that  gradu- 
ally spread  to  the  whole  li(|uid.  No  chemical  analysis  was  made  to  de- 
termine the  composition  of  this,  though  it  is  very  lilcely  that  it  was  plat- 
inous  hydrate.  The  liquid  was  then  tightly  stoppered  and  left  for  about 
two  months,  when  it  was  found  that  all  the  platinum  had  been  reduced 
to  the  form  of  spongy  platinum.  This  was  due  to  the  fact  that  oxalic 
acid  is  an  active  reducing  agent. 

Talvcn  as  a  whole,  the  experiments  with  oxalate  of  platinum  were 
very  unsatisfactory,  the  cuirent  l)eing  low,  the  solution  unstable  and  the 
deposit  darlv.  as  if  some  of  tlie  darli  precipitate  was  occluded  In  the 
deposit. 

Mention  is  made  of  these  trials  for  the  reason  that  the  results  are 
contrary'  to  the  statements  of  Dr.  Wahl. 

The  next  solution  tried  was  made  by  dissolving  platinic  hydrate  in 
caustic  iwtash  in  the  proportions— 
1  oz.  platinic  hydrate. 
4  oz.  caustic  potash, 
2000  c.c.  distilled  water. 

It  was  possible  to  use  a  current  density  of  .003  amperes  per  square 
centimeter  and  get  a  bright  smooth  deposit,  when  the  liquid  was  held  at 
a  temperature  of  (m  F.  When  the  deposit  was  made  comparatively  thick, 
however,  there  was  some  appearance  of  crj'stallization.  Trial  showed 
a  current  density  of  .CH/J  to  be  al>out  as  high  as  it  was  best  to  go  with 
this  particular  solution  at  tlie  above  temperature. 

IV. 

Tests  were  now  made  to  determine  the  effect  of  varying  the  concen- 
trations of  tlie  liquid.     As  above  noted,  when  the  proportions  were— 

1  oz.  platinic  hydrate, 

4  oz.  caustic  i)Otash, 

2fKK)  c.c.  distilled  water, 
the  maximum  current  density  that  could  be  used  and  get  a  clear,  bright 
deposit  was  .oa35  amperes  per  square  centimeter. 
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With  a  Kulution  in  the  proportions  of 

2  oz.  plntinie  hydrate, 

4  oz.  onustic*  potash, 

'J*HM>  i\e.  (listillwl  water. 
It  was  found  iKwwihle  to  run  the  current  density  up  to  .006  amperes. 
With  another  solution  in  wliioh  the  proportions  were 

Ij  oz.  platinlc  hydrate, 

8  oz.  (*nusti(!  potasli, 

4<H.Ni  c.c.  diHtilUnl  water, 
the   current    readied    .012   amperes   Ijefore   the  appearance  of  platinum 
bla<k. 

IncrcNisin^  tlie  platinic  hydrate  in  tlie  a]»ove  so  as  to  have  6  oz.  plat- 
In  i«»  hydrate.  Increased  the  current  density  to  .015  ami)ere8  per  square 
centimeter.  Tlie  amount  of  caustic  potash  was  increased  so  as  to  make 
a  solution  having;  the  proportions— 

li  oz.  platinic  hydrate, 

1  oz.  caustic  ixitash, 

4(MH)  «-.c.  distilliHl  water, 
when  it  was  found  that  .<m>i»  anipert^  was  as  high  as  the  current  density 
could  be  can-ii^l.     Increasing  the  amount  of  caustic  iwtash  still  further 
de<'reased  tlie  amount  of  current  tliat  could  be  use<l. 

From  the  results  given  it  nuiy  l>e  concludtMl  that  the  greater  the  per 
cent,  of  platinum  in  the  solution,  the  higher  the  currt»nt  density  that  can 
be  UKe<l.  Any  increase*  in  the  amount  of  caustic  i>otash  lessens  the  majci- 
mum  current  density. 

V. 

In  regard  to  the  temperature  that  gives  the  best  results,  the  experi- 
ments showed  that  any  increase  in  the  temperature  raised  the  maximum 
current  density  that  could  be  usihI.  Thus,  at  05  F.  .0035  amperes  per 
square  centimeter  was  the  maximum,  while  a  temperjiture  of  100  F.  per- 
mitted the  use  of  a  current  as  high  as  .(KVS  amperes  per  square  centimeter, 
with  corresi)onding  chang(»s  for  intermediate  points. 
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Biiniishinp:  the  foil  with  a  smooth  hent  ghiss  rod,  or  with  a  piece  of 
hard  w(km1,  made  tlie  platinum  denser.  Lightlj'  bejiting  the  foil  between' 
chamoit?  skins  was  of  some  assistance,  though  for  the  purpose  In  view 
great  care  had  to  Ijc  exercistMl  to  |.revent  getting  the  deposit  of  unequal 
thicliness  over  tlie  foil. 

VII. 

There  arc  many  li<iui(is  that  will  dissolve  the  copi)er— notably,  nitric 
acid,  l)ut.  on  account  of  the  formation  of  gas  during  the  reaction  and  the 
consequent  tearing  of  the  foil,  it  and  s(n'cral  othei-s  had  to  be  discarded. 
Ammonium  <-hloride  was  found  to  ]>e  the  best,  though  its  action  is  very 
slow.  The  result  may  lie  hastened,  however,  by  tirst  making  this  foil  of 
coi)per,  the  anode  in  a  cojiper  sulphate  ekn-trolyte  and  dissolving  away 
a  large  part  of  the  copper  before  putting  the  foil  in  the  bath  of  ammonium 
chloride. 

There  is  one  serious  ditticulty  that  is  met  in  dissolving  the  copper. 
After  all  the  copper  has  been  dissolveil,  it  is  extremely  difficult  to  re- 
move the  foil  from  the  liquid  on  account  of  the  cohesion  being  sufficient 
to  add  enough  weight  of  water  to  the  foil  to  tear  it  as  it  is  taken  from 
the  liquid  or  roll  it  up  so  that  it  is  useless. 

This  can  only  be  overcome  by  placing  the  foil  where  it  Is  to  go  when 
conqdeted.  and  then  dissolve  away  the  copper. 

Altlumgh  some  very  fair  foils  were  made  in  these  experiments.  It  is 
hardly  fair  to  say  that  they  were  wholly  successful.  But  the  work  opens 
up  another  avenue  that  may  lead  to  something  very  useful— the  electro- 
plating with  platinum  of  delicate  surgical  instruments,  etc.,  to  take  the 
place  of  nickel.  It  is  well  known  that  many  efforts  have  been  made  to 
use  platinum  for  such  puri>oses.  but.  as  far  as  the  writer  knows,  with  very 
indifferent  success  on  accomit  of  the  great  trouble  and  consequent  cost  of 
the  work.  T'sing  an  electrolyte  of  platinate  of  potassium,  it  is  possible  to 
keep  it  constantly  saturated  by  sinqdy  keeping  a  bag  of  platinic  hydrate 
hanging  in  the  solution;  the  process  is  comparatively  rapid  and  needs  lit- 
tle attention  after  once  started.  The  plated  article  will  stand  consider- 
able amount  of  usage,  and.  of  course,  will  not  tarnish  under  any  ordinary 
circumstances. 


Note  on  Some  Experiments  With  a  New  Form  of  Pressure 

Regulator. 

William  Kendrick  Hatt. 

GeneraL— The  writer  here  records  some  experiineiits  which  were  made 
under  Ids  direction  in  the  Engineering  Lal)oratory  of  Purdue  University 
on  a  new  apparatus  by  Mr.  Will  Hull,  of  the  class  of  1901,  who  developed 
the  details  of  the  apparatus  from  the  suggestion  of  Mr.  .1.  T.  Wilkin, 
engineer  for  the  Connersville  Blower  Company,  Connersvillc,  Ind. 

The  apparatus  (Fig.  1)  consists  essentially  of  an  expanding  nozzle 
and  a  flat  circular  disc,  against  which  the  jot  from  the  nozzle  is  directeil. 
the  disc  being  enclosed  in  a  suitable  chamber.  The  action  is  similar  to 
that  of  the  well-known  ball  nozzle,  and  the  disc  replaces  the  ball.  In  case 
of  the  ball  nozzle  the  back  pressure  forcing  the  ball  against  the  jet  is 
the  pressure  of  the  atmosphere.  In  the  apparatus  here  descrilHHl  the  disc 
Is  enclosed  in  a  chamber,  and  the  back  pressure  is  the  i»ressure  of  the 
water  in  the  chamber.  This  pressure  is  greater  than  tliat  in  the  rapidly 
moving  sheet  of  water  on  the  up-stream  fa<*o  of  the  disc,  so  that  the  disc 
moves  toward  the  nozzle  until  etiuilibrium  is  established.  The  disc  thus 
automatically  throttles  the  up-stream. 

When  this  apparatus  is  inserted  in  a  pipe  line  the  pressure  on  the 
down-stream  face  of  the  disc  is  preserved  fairly  constant  (within  the 
limits  of  the  experiments  and  for  certain  range  of  pressure  in  case  of  the 
apparatus  used),  while  the  ui>stream  pressure  varies  within  wide  limits. 
The  principle  of  the  apparatus  will  have  an  application  whenever  it  is 
desired  to  deliver  water  at  a  constant  pn^ssure  to  a  machine  from  a  source 
of  supply  subject  to  fluctuations  of  pressure.  Whether  a  design  of  disc 
and  nozzle  could  be  reached  which  would  regulate  the  pressure  in  case  of 
air  or  steam  is  not  determin(Ml. 

The  experiments  were  initiated  with  the  desire  to  obtain  information 
which  would  serve  as  a  basis  for  proportioning  this  apparatus  to  serve 
various  conditions  of  pressure  and  delivery.  The  experiments  were  inter- 
rupted before  that  point  was  reached.  The  results  olHainiMl  and  the  ex- 
ample are  generally  interesting  and  it  seems  worth  wliile  to  record  them. 

Mr.  Hull  used  various  combinations  of  disc  antl  nozzle  until  he  found 
the  proper  combination  which  would  regulate  th(»  pressure  ushI  in  case 
of  the  apparatus  available. 


PLAN  or  APPARATUS 
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III  brief,  he  found  that  a  nozzle  of  form  specified  in  Fig.  2  (called  a 
H  inch  nozzle),  in  combination  with  a  2  inch  flat  disc,  would  regulate  the 
pressure  in  a  Vj  inch  pipe  to  tlie  following  extent: 

The  pressure  on  the  down-stream  section  of  the  pipe  was  preserved 
constant  at  2Vj  pounds  by  the  action  of  the  disc  while  the  pressure  of  the 
up-stream  section  varied  between  10  to  40  pounds  per  square  inch  by  gauge 
(as  shown  on  Vig.  4). 
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APPARATUS. 

Fig.  1  shows  the  construction  of  the  apparatus  with  nozzle,  disc.  clj:im- 
ber  and  spider  for  supporting  the  disc.  Tlie  titting  of  the  apparatus  for 
experimental  work  is  shown  in  Fig.  3.  Tlie  two  gauges  for  measuring 
the  pressures  were  placed  as  close  as  possible  to  the  chamber  <'ontainJng 
the  disc.  The  fittings  were  made  with  great  care.  The  valv«»s  shown  were 
for  controlling  the  pressures  used  in  oxpei-imentation. 

METHOD  OF  KXPEIUMENT. 
The  apparatus  was  attached  to  the  standpipe  of  the  hydraulic  lab- 
oratory, the  pressiwe  in  which  was  cimtroUed  by  a  steam  pump.  Start- 
ing with  a  given  standpipe  pressure,  say  40  poimds,  the  water  was 
allowed  to  flow  through  the  apparatus,  being  throttled  by  the  lower  valve 
to  indicate  a  down-stream  pressure  of,  say  2V2  pounds  per  s<iuare  inch  on 
the  lower  gauge.  This  down-stream  pressure  was  alloweil  to  remain 
fixed  during  the  test,  the  lower  valve  not  being  disturbed.    The  up-stream 
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pressure  was  varitnl  by  the  use  of  the  upper  valve,  throttling  the  up- 
stream section.  In  this  way  up-stream  pressures  of  from  40  pounds  per 
square  im-h  down  l)y  5  five  pounds  i>er  square  inch  steps  to  the  lower 
limit  were  effected.  The  apparatus  discharged  into  a  weighing  tank  and 
the  discharge  was  weighed.  Tlie  temperature  of  the  water  was  taken 
every  minute  because  this  temperature  varied  greatly  throughout  the  tests, 
due  to  the  fact  that  tlie  standpIiK'  tank  was  connected  to  the  condenser 
of  a  Corliss  engine.  (With  respect  to  the  effect  of  the  temperature  on  the 
results,  it  may  l)e  said  tliat  when  the  temperature  of  the  discharge  rose 
above  tlie  MM\°  F.,  tlie  tail  pressure  gauge  showed  a  very  unsteady  pres- 
sure, the  needle  vil>rating  with  a  range  of  as  much  as  one-half  ix>und. 
The  disc  was  no  doubt  at  this  time  subject  to  vibrations,  which,  when 
the  temperature  of  the  water  rose  to  lin°  F.,  were  of  such  frequency  as 
to  cause  a  musical  note.  rn<lcr  the  latter  condition  the  nc^le  was  too 
sluggish  to  respond  and  remainiHl  at  a  fixed  position.  The  movement  is 
probably  conn(H:*ted  with  alternate  periods  of  vaporizjitlon  and  condensa- 
tion of  the  water  on  the  upper  side  of  the  disc.) 

Results.— The  following  com  lunations  of  nozzle  and  disc  were  used: 
One-eighth-inch  nozzle,  1-inch  disc;  l^-inch  nozzle.  l^A-inch  disc;  %-Inch 
nozzle,  2-inch  disc;  3-l(>-inch  nozzle,  1-inch  disc;  3-lG-inch  nozzle,  l^rinch 
disc;  .'Mr>-inch  nozzle.  2-inch  disc:  Vriuch  nozzle,  1-inch  disc;  ^4-inch  noz- 
zle, 114-inch  disc;  14-inch  nozzle,  2-inch  disc. 

Of  thes(»,  the  14-inch  nozzle  gave  successful  results;  the  14-inch  nozzle, 
with  the  2-inch  disc,  gave  the  best  results.  These  are  shown -In  Fig.  4. 
In  working  the  head  pressure  down  toward  the  tall  pressure  the  former 
would  approach  a  critical  point  at  which  the  difference  of  pre*?sure  l>ecame 
80  slight  that  the  regulating  effect  ceasiMl  and  both  head  and  fail  gauges 
suddenly  moved  to  the  same  reading.  The  disc  at  this  perlwl,  no  doubt, 
droppeil  away  from  the  jet.  That  is  a  certain  difference  of  pressures  Is 
needed  to  enable  the  apparatus  to  work.  This  difference  of  pressure  be- 
came great(T  as  the  tall  pressure  was  Increased,  as  Is  shown  in  Vig.  4. 

In  experiments  with  the  other  orifices  mentioned  the  lines  shown  in 
Fig.  4  became  straight  lines  inclined  to  the  horizontal.  The  hump  in  Fig.  4 
was  characterized  by  an  unsteady  head  pressure. 

One  disc  was  bevelled  so  as  to  give  a  constant  area  of  passageway  to 
the  expanding  ring  of  water,  that  is.  it  was  dished  with  the  deepest 
part  next  to  the  nozzle.  This  disc  preserved  a  constant  difference  of  pres- 
sure between  the  head  and  tall  pressures. 
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Some  experiments  were  cniTieU  on  with  air  as  the  fluid  passing 
througli  tlie  pipes.  WItli  tlie  nozzle  and  discs  used  there  appeared  to  be 
no  governing  effect,  in  case  of  these  air  pressures. 

In  general  it  may  he  said  that  tlie  sliai>e  of  the  nozzle  has  most  to 
do  witli  the  action  observed.  A  number  of  nozzles  of  different  form  were 
used;  those  most  nearly  lilie  that  shown  on  Fig.  2  gave  the  best  governing 
effect. 

The  size  of  the  disc  affects  tlie  results  obtained  with  any  given  nozzle. 
Two-inch  disc  gave  better  rt^ults  than  1-inch  or  the  lU-inch  disc. 

Tlie  action  desired  could  be  obtaineil  with  water  at  a  temperature  of 
75°  F.  as  well  as  at  tlie  higher  temperatures. 

A  veiy  pretty  cj'lindrical  slieet  of  water  could  be  obtained  by  remov- 
ing the  lower  part  of  the  casing.  The  disc  acted  like  the  well-known  ball- 
nozzle.  Under  these  conditions,  with  a  head  pressure  of  40  iH>unds  and  a 
nozzle  velocity  (as  llgurinl  from  the  discharge)  of  14.0  feet  per  second.  It 
was  found  nec*essar>'  to  (*xert  a  force  of  0  tx>unds  to  pull  the  disc  from 
the  Jet. 
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On  Ohan<;es  ix  the  Proportconal   Elastic  Limit  op  Xickel 
Steel,  With  a  Xute  ox  Calibration  of  Testino  Machines. 

W.  Kendrick  Hatt.* 

The  vjiriability  of  tlio  proporticmal  ela>;tic  limit  of  metal  due  to  over- 
strain and  its  subs<Minent  n^-overy  after  a  period  of  re«t,  or  proper  anneal- 
ing, have  ])tH'u  studied  l)y  investigators,  among  whom  may  be  muued 
Bauschinger,  Professor  (^ray  and  Mr.  Muir. 

The  writer  records  here  the  results  of  expiTiments  on  a  special  nickel 
steel  rolled  for  tlie  jmrpose  by  tlu  Hetldehem  Steel  Company.  The  ex- 
l>eriments  ha<l  two  ends  in  view: 

1.  To  calibrate  tlie  testing  machines  of  Tunlue  University,  in  com- 
parison witli  tlie  testing  ma<-hines  of  the  government  testing  laboratory  of 
the  Watertown  Arsenal,  and  those  of  the  University  of  Illinois.* 

•J.  To  study  the  variability  of  the  proiH)rtional  elastic  limit  aiid  yield 
point  of  this  special  nickel  steel. 

The  proiMM-tional  lindt  here  mentioned  is  that  limit  l>eyond  which 
stress  ceases  to  be  proiK>rtipnal  to  strain.  The  yield  point  spoken  of  below 
is  that  limit  at  which  a  sudden  increase  in  the  elongation  occurs  with- 
out an  increas(^  in  stress. 

CALIBKATIOX. 

A  testing  machine  of  ordinaiy  screw  type  consists  of  a  screw  iwess 
and  a  large  platform  scale.  It  is  necessary,  of  c(mrse,  to  ascertain  if  the 
load  on  the  s<ale  beam  correctly  indicates  the  pivssiu'e  on  the  platform. 
This  is  often  accomplished  by  loading  the  platform  with  a  dead  load  of 
pig  iron.  For  light  loads  the  purpose  miu'ht  ]»e  served  by  a  calibrated 
spring.  The  use*  of  niikel  steel  bars  of  high  elastic  strength  furnishes  us 
with  a  spring  of  high  capacity,  whose  deformation  may  be  accurately 
measin-iMl.  ('alibnition  by  means  of  these  bars  may  be  readily  effected 
and  relative  errors  in  the  ma<liines  detected.  The  absolute  error  may 
be  known  by  comparison  with  a  machine  that  has  been  calibrated  by  the 
dead  weight  mtMho<l.  The  l)ars  can  lu*  preserved  and  used  from  tune  to 
time  to  detect  changes  in  the  ma<hine  due  to  wear  of  knife  edges.    This  is 


"^'The  main  observations  on  which  this  note  is  ba^ed  were  carried  out  under  the 
author's  supervision  by  Me."<i»rs.  R.  Hitt  and  J.  H.  Jaaoha,  senior  students  in  Purdue  Uni- 
versity. l'.K)l. 
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a  more  accurate  method  than  that  often  used.  Involving  the  breaking  of 
a  half  dozen  steel  l)ars  from  one  rod  at  different  laboratories  and  compar- 
ing the  average  l>rt*aliing  loiid. 

In  the  work  of  examining  tlie  afcuracy  of  the  Purdue  University  test- 
ing luachines,  three  nickel  steel  Imrs  were  used:  two  with  a  length  be- 
tween shoulders  of  12  inchi^s,  and  one  witli  a  similar  length  of  30  inches. 
In  the  case  of  the  latter  bar.  it  was  possible  to  attach  two  extensometers 
to  the  bar  in  tandem,  and  by  exclmnging  the  position  of  the  extensometers 
to  compjire  the  latter.  The  modulus  of  elasticity  was  measured  in  case 
of  each  bar  on  the  machin^es  of  the  three  lal)orntories  using  the  extenso- 
meters i>ossessed  by  the  three  lal)oi'atories.  One  of  these  extensometers 
was  sent  from  one  laboratorj-  to  the  otlier.  If  the  extensometers  are  alike 
in  their  graduation  and  the  modulus  of  elasticity  of  the  bars  is  found  to 
be  etiual  on  the  various  machines,  the  latter  may  l)e  judge<l  to  have  no 
relative  errors.  The  oi)servations  at  the  University  of  Illinois  were  taken 
under  tlie  dire(!tion  of  Professor  A.  X.  Tall)ot. 

Taking  the  average  of  three  l>ars  tested  at  the  tliree  laboratories  it 
api)ears  (Table  I)  tluit  the  value  of  Ycmng's  M(k1uIus  at  the  Purdue  lalx>- 
ratory  is  (in  1(X>.(Km)  pounds  per  scniare  int-h  units)  2!>.22:  at  Illinois 
lalKiratory,  2i).:i3:  at  Watertowu  laboratory.  2S.a<».  Bt^tween  the  Purdue 
lal)oratory  and  the  Illinois  laboratory  tliere  is  thus  a  relative  differ- 
ence of  only  about  '•$  of  one  per  cent.,  an  accuracy  nuich  in  excess  of 
that  m^eded  in  any  work  for  which  these  machines  are  used. 

Hy  int(Tchnn^ing  the  iwisirions  of  two  extensometers  in  case  of  the  long 
bar.  an  oi)portunity  existed  of  comparing  the  indications  of  two  extenso- 
meters of  dift'ercnt  type- tlie  Kiehle  (^xtensonicter  la  screw  micrometer) 
and  the  .lohnstm  extcnsometer  la  roller  typo.  In  Table  II  it  is  seen  that 
the  two  extensometers  yield  identical  results. 

It  is  thus  assuring  to  know  the  reliability  of  the  ordinary  tyi>e  of 
testing  machine  and  extensometer.  If  the  Wat<M-town  machine  is  corrwt. 
the  other  machines  yield  results  about  two  i)er  cent.  high.  Tlie  Water- 
town  extensometer,  however,  was  not  conipan^l  with  tlit^  otluT  extenso- 
meters. 

KLASTIC  CII.VNiJKS. 

After  tlie  work  of  calibrating  apparatus  was  c(Mni)lete.  two  of  tiie 
bars  were  used  in  the  study  of  the  variability  of  the  proportional  and  yield 
limit. 
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The  results  are  shown  in  Table  III.  These  results  show  that  the  be- 
havior of  niclvel  steel  under  overstrain  is  Hive  to  tliat  of  ordinary  steel, 
namely: 

Ovei-strain  destroys  tlie  P-liniit,  and  elevates  tlie  Y-liniit. 

The  P-liniit  may  Ik*  restored  l)y  annealing  for  a  few  moments  in  a 
bath  al)ove  212°  F.  The  l*-limit  may  be  also  restoretl  by  a  i>eriod  of  rest. 
By  a  process  of  overstrain  and  sul)se(iiient  annealing,  the  P-limit  may  be 
elevateil  to  nearly  the  idtimate  strength. 

The  decrease  of  diameter  was  also  measured.  The  ratio  of  side  con- 
traction to  longitudinal  extension  was  found  to  be  nearly  ^.  which  is 
the  value  of  Tolsson's  ratio  for  this  metal. 


TABLE  I. 

Value  of  E.  in  100,000  Units  as  Derived  from  Tests  on  Bars  of  Nickel  Steel  at 

Three  Laboratories. 


Bar. 

Watertown. 

Purdue. 

Illinois. 

Average. 

1 

28.71 
28.59 
28  6() 

29.29 
29.32 
29.36 

29.40 
29.14 
29.20 

29.23 

-2 

29.14 

3 

29.20 

Average 

28  06 

2i*.22 

29.33 

T.\BLE   II. 

Comparison  of  Extensometers 


EXTENSOMETER. 


Position- 
On  top 

On  bottom 


Illinois, 
200,000  Olseo. 


Purdue, 
300,000  Riehle. 


Roller. 


29.40 


Screw — 1.    I     Screw— 2. 


Roller. 


29  40 


.  I         29.00       I         29.00       I 

I  I  i 


29.50 


29.10 
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TABLE  III. 

Showing   Variability  of  P- Limit, 

Bar  No.  1. 
Carbon 0.27  % 


Manfrnnese 0.58  % 

I    Silicon 0.214'r 

Analysis <    Ph 0.024';f- 

Siilph 0.0369b 

!    Copper 0.0289t 

'^  Xickel i.bo2<,r 


Deiieri]>tion  of  Test. 


'."cS. 


!w 


.5 2  I  .eI- 

s  *  1     5^ 


Original  |  29.:J 

45  hours  after |  2«).4 

10  minutes  after I  24.8 

118  hours  after  and  in  450^  ; 
F.bath I  29.0 


88.0 
0.0 
0.0 


1(X).0 

22hoursafter j  2H.2  |   112.0 

After  in  bath  at  218-  F ,  20.2  j  109.0 

500hoursnfter |  28.0,1   110.0 

110.0 


10  ui 


I 
inutcs  after i  2C.0  | 


9i».0 

94.0 

I 

110.0  I 

117.0  , 

112.0  . 

llfi.O  j 

110.0  I 


Note  Effect  of  Test. 


"96.0  I  Ove retrain. 

98.0  ,  P-liinit  destroyed. 

■^100.0  \  P-liuiit  de!«troyed. 

110.0  P-liiiiit  restored  by  annealing. 

117.0  I  Over.-train. 

^114.0  ;  Over-strain  restored  by  anneal- 
ing:. 

116.0  '  Over-Strain  restored  by  rest. 

116.0  i  Test  tode.-itruction  KV.r  elonga* 
I      tion.  42',r  (?i>ntraetion  in  8". 


Bar  No.  2. 


1  Original 

2  15  hours  after 

3  j  2  weeks  after 

4  I  10  minutes  after 

5  i  After  in  bath  at  U«0-  F. 


92.0 


I 


I 


%.fi    *10«.>.0    Overstrain. 


70.0  I   100.0    '■M  17.0    Overstrain. 


20.7  I 

a'..i ; 

24.8  '      (1.0  '  llX).0  '    109.01  P-Iimit  destroyed. 

24.0  I      O.U  I   lOS.O  I I  P-limit  destroycil. 

2.3.3        0.0  I  112.0  I    115.0,  P-limit  not  restored. 


"" Indicates  that  the  test  overstrained  the  metal. 
E.  taken  between  limits  of  stress  of  25,CX)0  to  S5.0(iO. 
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The  Kirkwood  Observatory  of  Indiana  University. 
John  A.  Miller. 

At  its  November  meeting  of  KXK)  the  Hoiinl  of  Trustees  of  Indiana 
University  appropriated  a  sum  of  money  for  tlie  purchase  of  a  telescope 
and  some  accessories,  and  for  tlie  erection  of  an  Observatorj'.  Tlie  Ob- 
servatory is  built  of  Indiana  limestone  and  was  completed  in  January  of 
1JK.)1.  It  contains  six  rooms— a  library  and  computing  room;  a  lecture 
room,  which  may  be  darkened  at  any  timo,  equipped  with  a  Colt  electric 
lantern,  lantern  slides  and  other  illustrative  apparatus,  a  ccmvenient  dark 
room:  a  transit  room;  the  dome  room  and  a  room  similar  to  it  and  imme- 
diately below  it. 

The  skelet(m  of  the  dome,  which  is  twenty-six  feet  in  diameter,  is 
of  white  pine  and  is  built  according  to  plans  furnished  by  Messrs.  War- 
ner iV  Swasey,  who  also  furnished  the  running  medianism.  It  is  cov- 
ered with  tin.  The  perf(»rmance  of  lK>th  dome  and  sliutter  is  entirely  sat- 
isfactory*. 

The  design  of  the  Hoard  of  Trustees,  that  the  equipment  is  to  be  used 
in  a  large  part  for  instruction  and  in  part  for  puri>oses  of  research,  de- 
termined largely  the  character  of  the  instruments  which  we  afterwards 
purchastMl.  In  the  dome-r<K)m  is  mounted  a  twelve-inch  refractor.  The 
objective  is  l>y  Brasliear.  and  is  of  high  optical  excellence,  giving  star- 
images  which  are  free  from  fringes  or  distortion  and  on  a  black  field.  The 
mounting  is  \)y  Warner  &  Swasey.  It  is  provided  with  cosirse  and  fine 
circles  in  ])oth  dcvlination  and  right  ascension,  the  line  ones  being  provided 
with  reading  microscopes  and  electric  illumination.  A  star  dial-dial 
located  on  the  north  side  of  the  pier  and  driven  by  the  driving  clo<.'k.  from 
which  the  riglit  ascensions  can  be  read  din^'tly.  is  of  almost  mdi.spensable 
convenience.  Tlie  driving  chx-k  drives  regularly  and  the  entire  mounting 
Is  of  the  liigliest  me<linnical  excellence. 

The  telescoiK*  has  as  accessories  a  micrometer  by  Warner  &  Swasey. 
providtMl  witli  ele<tric  illumination;  a  polarizing  helioscope;  a  battery  of 
lK>sitiv<»  and  negative  eyepieces  by  Hrashear,  and  two  iM>sitive  eyepieces 
by  Steinlieil  und  sr»line  of  Munich.  The  transit  room  contains  a  small 
universal  instrument  l)y  Pamberg,  a  chronograph  by  Kauth  i^c  Co.,  a  Bond 
sidereal  clironometer.  and  a  sidereal  chw-k.  A  Howard  sidereal  clock,  witli 
contact  tliat  ])reaks  an  electric  current  each  swond  except  the  fifty-ninth, 
and  the  last  ten  stnonds  at  the  end  of  every  five  minutes,  will  be  put  in 

6— Academy  of  Science. 
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place  in  a  few  weeks.  Mr.  O.  L.  Petitididier.  of  Chlcagt).  has  kluilly  loaned 
tho  0])servatory  a  paralMilic  mirror  llfttHMi  iiuhes  in  diamet€»r  and  with 
a  focal  length  of  120  inches,  which  lie  constructed  at  his  optical  works. 
The  niountinji:  for  this  mirror  has  Ihmmi  designed  by  Mr.  W.  A.  Cogshall 
and  in  larjj:e  part  constructed  liy  liim.  The  reflector  will  l)e  in  place  l)y 
the  first  of  Mardi  and  will  he  used  chieliy  in  photojrraphing  nebuljp. 

These  instruments,  tojjfcther  witli  a  ])ortrait  lens  of  five  inches  aiK»rtiire 
and  a  Browning  tHpiatorial  of  fimr  inches  aperture,  which  for  many  years 
have  been  the  proi>erty  of  rhe  University,  constitute  a  nucleus  around 
which  the  Tniversity  authorities  hoiH^  to  collect  a  more  complete  equip- 
meuf. 

The  01)servatory  is  located  on  the  University  campus,  about  .*^0<)  feet 
from  the  nearest  Iniilding.  With  pra<'tically  an  unbroken  horizon  within 
75  degrees  of  the  zenith  -as  low  as  one  can  usu.-dly  observe,  and  in  most 
instances  the  view  is  entirely  unobstructed. 

We  have  found  the  seeing  at  the  Observatory  fair.  On  an  average 
clear  night  a  iK»wer  of  :MH)  can  be  used  effcMtually :  on  alxnit  half  the 
working  nights  we  us(»  a  power  of  4S<),  wliile  a  night  wlien  a  power  of 
more  than  (XM)  can  ]>e  us(m1  is  comparatively   rare. 

The  Observatory  is  essentially  a  StudcMits*  Observatoiy.  Those  who 
take  courses  in  general  astronomy  are  permitted  to  us<^  the  teh^f^cope  a 
limited  numl)er  of  lionrs  each  week,  and  tliough  this  work  is  oiJtional,  few 
fail  to  avail  themselves  of  an  opportunity  to  us(»  the  teh^coive  an  hour. 
No  accurate  measincmeiits  or  really  scientifi**  work  is  attiMupted  by  these 
students. 

In  addition  to  the  work  in  sjdierical  and  practical  astronomy  and 
work  carri^Ml  on  by  the  teaching  for<*(»  certain  students  are  encouraged  to 
undertake  work  in  tiie  mitur<»  of  n^search.  This  generally  consists  of 
drawing  planetary  details  or  in  making  micrometical  measures  of  double 
stars  or  of  planetary  disks.  The  observing  lists  are  made  out  under 
the  directi(»n  of  tlie  instructors  and  in  general  consist  of  stars  tliat  need 
measuring.  We  are  engaged  at  present  in  measuring  the  double  stars 
discovereil  in  tlie  process  of  making  the  catalogues  of  the  Astronomis<'he 
("Jesellschaft.  These  as  a  rule  are  not  dillicult  ol>.jiM-ts.  Also  sts-irch  is 
being  made  for  new  pairs  with  a  fair  degree  of  succ(»ss. 

The  Observatory  b(»ars  th(^  name  of  Dr.  Daniel  Kirk  wood,  tlie  emi- 
nent astronomer,  who,  for  nearly  half  a  century,  was  a  mendMM*  of  the 
faculty  of  Indiana  I'niversity  and  who,  by  his  manly  qualities,  won  the 
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lasting  esteem  of  his  students  and  his  colleagues,  and  by  his  devotion  to 
his  science  a  lasting  name  among  his  contemporaries. 

The  Observatory  was  formally  (kxiicated  May  15,  11)01.  The  dedica- 
tory address  was  given  l)y  Astronomer  W.  J.  Hnssey,  astronomer  in  the 
Lick  Observatory.  He  spoke  of  ''Astronomy  and  Modern  Life."  President 
Swain  spoke  of  "IVrsonal  UocolkHtions  of  Dr.  Kirkwood." 


DaylkiHt  Meteors. 
John  A.  Miller. 


The  Center  of  Popilation  of  the  United  States. 
John  A.  Miller. 


A  Theorem  in  Geometry. 
John  C.  Gregg. 
DEF  is  the  triangle  formed  by  the  tangents  at  the  vertices  of  a  triangle  ABC 
inscribed  in  the  circle  O.     Draw  EOP  meeting  BC  in  P  and  join  PF.     Show 
that  EPF  is  a  right  angle. 

Demonstration. 

Draw  FG  peri)endicular  to  CA  pro- 
duced, and  join  OF".  Denote  the  angles 
of  ABC  hy  A,  H,  C,  and  the  sides  hy  a, 
b,  c.     Then 

FG  — AFsin  B 

Q 

--  ,^  sec  C  sin  B 
=  ,^  sin  C  sec  C 

=  °   tanC 

=  HP,  which  is  perpendicu- 
lar to  CG.     Hence  HPFG  is  a  rectangle  and  EPF  is  a  right  angle. 
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A  Simple  Proof  That  the  Medians  of  a  Triangle  Concur 

John  C.  Gregg. 
Theorem. — The  three  medians  of  a  triangle  ^re  concurrent. 
Demonstration. 

Let  AD  and  BE  be  two  of  the  medians; 
thej  win  meet  in  some  point  G.  Join  CG 
and  extend  it  to  meet  AB  in  F.  Extend  AD 
to  H,  making  DII  =  DG,  and  join  HB  and  HC. 
Since  BC  and  GH  bisect  each  other,  BGCH 
is  a  parallelogram.  In  the  triangle  ACH, 
since  GE  is  drawn  through  E,  the  middle 
point  of  AC  and  parallel  to  HC,  G  is  the 
middle  of  AU.  And  in  the  triangle  ABH, 
since  G  is  the  middle  of  AH  and  GF  is  paral- 
lel to  BH,  F  is  the  middle  of  AB  and  CGF  is 
the  third  median,  and  the  theorem  is  estab- 
lished. 


On  the  Density  and  Surface  Tension  of  Liquid  Air. 
C.  T.  Knipp. 

f  Al»stract.  Published  iu  tho  Physioal  Review,  February,  1902.1 
The  variiitloii  of  tlio  density  of  liquid  air  witli  time  was  determined. 
The  liquid  was  coiitaiiuHl  in  a  >:iv<'n  Dewar  l>iilli.  Tlie  sinker  metboJ 
was  used,  and  it  was  assumed  tliat  the  «M)ettieient  of  expansicn  holds  at 
the  temperature  of  liquid  air.  A  curve  was  platteil  which  indioates  that 
.933  is  the  density  of  li<iuid  air  wiien  lirst  made. 

In  the  determination  of  tlie  surfart*  tension  two  methods  were  em- 
ployefl— tlie  capillary  tul)e  metliod  and  the  maximum  weight  method. 
Owinjj  to  tiie  distortion  <lue  to  the  imllf,  also  to  tiie  agitation  of  the  liquid 
surface,  tiie  tirst  was  not  <'(msidered  reiial»ie.  Tlie  s(»cond  method,  how- 
ever, worlvcd  very  well.  Tlie  variation  of  tin*  surface  tension  with  time  of 
the  liquid  contained  in  tlie  al)ove  Imil)  was  d(»termined.  A  curve  was 
platted.  From  tlie  curve  the  surface  tension  of  liquid  air  when  tirst  made 
was  found  to  be  0.4  dynt'S. 
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A  Few  Experiments  with  Liquid  Air. 
C.  T.  Knipp. 

[Abstract.] 

Three  experiments  were  given,  usinj;  the  liquid  as  a  refrigerant  (1) 
The  resistance  of  nianganin  wire  at  the  temperature  of  liquid  air;  (2)  the 
absorption  of  heat  by  conduction  into  the  liquid;  (3)  the  action  of  a  Cu-Fe 
thermostat  when  placed  in  the  li(iuid. 

(1)  Tlie  temperature  coethcient  of  nianganin  wire  was  found  to  agree 
fairly  well  with  that  found  by  Dewar.  Cooling  the  wire  to  the  tempera- 
ture of  liquid  air  caused  it  to  undergo  no  permanent  change. 

rl)  By  connecting  a  bloclv  of  copper  tlirough  a  copper  rod  to  a  bath  of 
liquid  air  the  temperature  of  the  blo<-lv  of  copper  can  be  reduced  to  nearly 
that  of  the  refrigenmt.  Tliis  principle  enables  any  intermediate  tempera- 
ture to  be  maintained.  By  this  method  a  connecting  rod  of  copper  about 
V2  SQ-  t^"!".  i»  JH'^^i  JHid  20  cm.  long  froze  a  cu.  cm.  of  mercury  placed  in  the 
blociv  of  copper  in  ()V4  minutes. 

(3)  A  Cu-Fe.  thermostat  was  found  to  be  very  sensitive,  and  it  was 
also  noticed  tliat  the  same  coetlicients  hold  at  the  temperature  of  liquid 
air. 


The  Bitan(^tEntial  of  the  Quintic. 
U.  S.  Hanna. 


XoTE  ON  AN  Attempted  Angle  Trisection. 
R.  J.  Aley. 


The  Zo(')h()(Ji(;AL  Survey  of  Minnesota. 
Ulysses  O.  Cox. 
With  the  estjiblisliment  of  tlie  Cteological  and  Natural  History  Survey 
in  Minnesota  provision  was  therein-  made  for  collecting  and  describing 
the  various  fa  una  1  forms  of  the  State.  For  a  number  of  years  after  the 
survey  was  establislied  work  was  done  only  along  geological  lines.  In 
1886  there  appeared  a  list  of  the  Aphida?  of  Minnesota,  by  Mr.  O.  W.  Oest- 
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lund,  and  in  the  following  j'ear  a  synopsis  of  the  same  group  by  the  same 
author.  In  1800  there  was  published  a  report  on  the  Mammals,  by 
Professor  C.  L.  Herrick.  This  report  can  not,  however,  be  considered 
anything  Ijut  preliminary,  since  it  was  written  before  any  great  amoimt 
of  investigation  had  l)een  done  and  it  will,  no  doubt,  be  supersedeil  later 
by  an  enlargeil  and  up-to-dnte  reiwrt.  In  18r>2  there  appeare<l  a  pre- 
liminary reiH>i*t  on  the  Birds,  by  Dr.  P.  L.  Hatch;  in  181)5,  a  report  on  the 
Copepoda.  Cladocera  and  Ostracoda,  by  Prof,  C.  L.  Herrick,  which  is  prob- 
ably final;  and  in  1807  a  preliminai-y  rejwrt  on  the  Fishes,  by  the  writer. 
The  first  three  reiwrts  mentioned  were  issued  under  the  direction  of  I*raf. 
N.  H.  Winchell,  State  Geologist,  but  the  others  have  been  published  under 
the  direction  of  Prof.  H.  F.  Xachtrieb,  State  Zoologist,  who  for  the  past 
eleven  years  has  had  entire  charge  of  the  work  of  the  survey.  Every  sum- 
mer for  ten  years  parties  have  been  at  work  in  the  various  iwrtions  of  the 
State  collecting  material  and  datu  for  the  final  reports.  During  the  past 
three  seasons  the  work  lias  been  especially  active.  In  May,  1899,  a  house- 
boat, christened  the  Megalops,  was  built  and  launched  at  Mankato,  on 
the  Minnesota  Itiver,  and  very  successfully  fioated  to  Red  Wing,  on  the 
Mississippi,  before  the  close  of  the  season.  A  description  of  tlie  Megalops 
and  an  account  of  the  first  season's  trip  ai)i)ears  in  the  Procei^dings  of  the 
Indiana  Academy  of  S<-ience  for  1899.  In  the  summer  of  VXK),  in  early 
June,  the  Megalops  was  restocked  and  starteil  from  He<l  Wing  on  its 
second  season's  journey,  down  the  Mississippi.  Consi<ierable  time  was 
si>ent  on  Lake  I*epin.  as  the  conditions  and  fauna  tliere  varied  greatly 
from  that  of  tlie  Mississippi  Kiver  proper.  Tlie  territory  along  the  Missis- 
sippi was  quite  carefully  explored  and  material  colltH:-ted  as  far  as  Browns- 
ville, ^linn.,  wliicli  is  witliin  a  few  miles  of  the  southern  boundary  of  the 
State.  Attention  was  given  primarily  to  the  fishes,  but  much  other  material 
was  also  collected.. especially  insects,  batrachians  and  reptiles.  Near  the 
close  of  August  the  Megalops  was  again  ancliored  for  the  winter,  this 
time  at  Brownsville. 

Early  last  spring  Prof.  Nachtrieb  i>urchase<l  for  the  survey  a  gaso- 
line launch,  and  with  it  towed  the  Megalops  l)ack  to  tlie  head  of  Lake 
Pepin,  where  it  was  beached  and  servtnl  as  a  station  during  the  sum- 
mer. This  region  is  especially  rich  on  account  of  the  variety  of  condi- 
tions. On  the  one  hand  there  is  Lake  Pepin,  which  is  about  two  miles 
wide  and  nearly  forty  miles  long.  In  many  places  it  has  fine  sandy  and 
gravelly  shores  and  in  others  there  are  marshes.     It  is  hemmed  in  by 
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high  bluffs,  which  arc  from  two  liiiiidred  to  three  huudreii  feet  above  the 
water  level,  but  in  places  there  are  low  points  which  extend  out  from  the 
bluffs  into  the  lake  for  one-fourth  of  a  mile  or  nior*'.  and  on  these  numerous 
fishermen  are  located.  Seinhijr.  also  other  forms  of  nettinjr,  is  allowed  in 
the  lake,  so  an  abundance  of  material  for  study  can  readily  be  obtained. 
The  water  is  usually  clear  and  varit^  in  depth  from  ten  to  thirty  feet. 

As  is  well  known.  Lake  Tepin  is  simply  a  renmant  of  what  was  once 
the  larjre  jxhuial  Mississippi  Uiver.  At  the  lower  end  of  the  lake  the  Chip- 
pewa River  empties  from  the  Wisconsin  side  and  carries  with  it  a  great 


amount  of  scilimcnt.  cliictiy  sand.  Tins  deposit  has  filled  up  tlie  bt^l  of 
the  oi'i^inal  stream  at  that  point,  and  ctniseciuently  dammed  it  and  pro- 
duced a  lak(\  At  all  other  places  alonjr  its  conrse  wliat  was  once  the 
nia^Miifieent  .Mississippi,  two  to  fonr  miles  in  width,  is  now  narrowtnl  down 
to  one,  or  at  most  two  or  tliree.  small  channels  an<l  a  few  liayous.  At  the 
upper  end  of  the  lake  the  delta  is  exce<Mlinjrly  w^-ll  marked.  There  are 
thrtH^  main  channels  of  the  river,  several  lak<»s  and  numerous  bayous, 
some  with  water  conne<'tion  and  others  without,  during  the  dry  season. 
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There  Is  water  of  various  depths,  marshes,  clear  pools  and  all  the  chief 
forms  of  aquatic  vejretatlon  that  this  region  of  Minnesota  affords— in  fact, 
all  the  conditions  that  could  Ik?  desirwl  for  an  inland  laboratory.  The 
region  aln^Hnds  in  breeding  phu-es  for  lislies,  batrachiaus  and  reptiles; 
many  spe<*ies  of  molluslvs  are  found  in  tlie  lalie,  and  the  lower  forms  of 
aquatic  life  ar4»  cverywiiere  al»undant. 

Thus  it  would  seem  that  an  ideal  spot  had  lieen  found  for  a  lake  lalK>- 
ratory  for  the  University  of  Minnesota,  wliich  it  is  hoped  the  authorities 
may  see  tiieir  way  clejir  to  <»«tablisli  tlicre  in  tlie  near  futuiv. 

During  the  past  summer  Prof.  Naclitriei)  Ivcpt  a  small  party  at  the 
head  of  Lalce  Tepin  in  the  lieaclied  Megalops,  with  which  he  spent  the 
greater  portion  of  his  own  time.  I-arge  collections  were  made,  among 
wliicii  were  many  insects,  numerous  lish  stomachs  and  a  tiuantity  of  his- 
tological material. 

During  the  past  summer  l*rof.  Naclitriel*.  with  an  assistant,  spent  a 
few  we4»ks  on  tlie  Lake  of  tlie  Woods,  studying  the  lake  sturgeon,  and  the 
writer,  witli  thrin*  assistants,  put  in  the  entire  summer  on  I^nke  Vermilion, 
at  Tower.  Minn.  Lake  Vermilion  Is  some  forty  miles  long  in  one  direc- 
tion, much  narrower  in  th<»  other,  but  it  is  not  one  open  oody  of  water, 
but  rather  a  number  of  small  lakes  connected  l>y  numerous  channels.  It 
is  In  the  heart  of  wifat  was  once  an  evergreen  forest  region,  and  its  shores. 
whi<*h  are  chietly  nwky.  burd<*r  on  tlie  granite  on  the  tme  hand  and  the 
very  early  stratilieil  forms  on  the  otlier.  The  water  is  clear  and  pure 
except  for  the  Uoating  forms  of  aquatic  life  in  midsummer,  and  it  varies 
in  deptii  from  live  to  forty  feet,  witli  possibly  a  few  small  areas  that  are 
d(M»per. 

We  i'stablisluMl  our  camp  on  Pine  Island,  about  seven  miU^  from 
Tower.  There  was  no  one  living  within  six  miles  of  the  pla<'e  and  no 
facilities  for  camping  except  numerous  beautiful  kM*ations  among  the 
pines  ami  the  out  lit  wliicli  we  ♦•arriiMl  witii  us.  We  erecttMl  two  tents  and 
from  tile  dilapidattMl  roof  of  a  former  lioniestcadcr's  cabin  securinl  enough 
boards  to  make  some  tables.  AVe  also  made  an  excavati<>n  in  tlie  bank, 
lintMl  it  witii  slabs  split  from  <'ott(mwo(Kl  pob»s,  roofed  it  (>v(»r  with  boards 
and  tar  paper  from  tlie  dilapidated  cabin,  and  tlius  liad  a  very  efficient 
dark  room,  in  wliiclj  we  successfully  developed  more  tlian  tliree  hundred 
negatives.  Our  outfit.  In  a<Idition  to  tlie  culinary  department,  consistetl 
of  seines,  gill-nets,  otlier  smaller  nets,  a  canvas  boat.  iiii<'rosco])es,  books, 
cameras,  guns,  preserving  jars  and  lluids,  and  otlier  minor  articles.     One 
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member  of  the  party,  Mr.  J.  E.  Giitlirle,  devoted  nexirly  nil  his  time  to 
insects,  of  wliich  he  secured  a  large  collection.  Another  nieml)er  of  the 
party  gave  special  attention  to  leeches,  and  a  third  collected  and  studied 
the  mammals.  The  writer  devoted  ner.rly  all  his  time  to  a  study  of  the 
fishes.  Collections  were  made  of  tlie  species  found  in.  the  lake  and  the 
inflowing  streams,  and  many  of  the  species  were  dissected  and  photo- 
graphed. Attention  was  also  given  to  a  study  of  the  liabits  of  these 
fish(^.  From  tlie  main  camp  exiKnlitions  were  made  to  all  parts  of  the 
lake. 

We  were  on  tlie  lake  ai)out  two  montlis  and  a  half,  and  found  the 
camping  method  a  very  satisfactory  and  pleasant  one.  The  limit  of  this 
paper  will  \wt  permit  me  to  state  any  of  the  results  of  our  work,  but  they 
will  appear  later  in  the  forilicoining  reports  of  the  survey,  some  of  which 
are  now  under  way. 


Culture  of  Amoeba. 

A.   J.    BiGNEY. 

Several  years  ago  I  iM-es(»nted  a  paiH^r  iiefore  tliis  Academy  on  a  new 
method  of  oI>taining  amoel»a.  This  method 'was  as  follows:  Take  some 
of  the  green  scum  from  the  surface  of  some  i)onds  and  place  it  aside  for 
a  few  weeks,  during  wliicli  time  great  numbers  of  amoeba  will  have 
developed.  Tliis  smm  must  l)0  compostnl  mostly  of  euglena  in  the  resting 
stage.    I  liavc  never  known  tliis  method  to  fail. 

I>uriiig  tlie  past  season  I  have  had  unusual  succe.«<s  with  this  method 
of  st»curing  tlieni.  About  the  first  of  September  I  obtained  some  of  these 
eugleiiae  and  plare<l  them  in  a  wide-mouthed  two-ounce  bottle  and  left 
them  on  my  di^k  for  about  two  months,  at  which  time  I  neede<l  them  for 
class  use.  When  1  tirst  took  this  material  from  the  i>ond  there  were  a 
few  amoeba  in  the  mi«lst  of  the  euglena.  When  I  needed  a  supply  1  found 
them  by  the  buiKlreds  on  almost  every  slide.  Fre(iuently  there  would  be 
so  many  that  they  would  literally  till  the  field  of  the  microscope.  They 
were  large  sixM-iniens.  It  was  the  largest  supi)ly  that  1  have  seen  reported 
in  this  count  I  y.  It  may  be  that  others  have  bad  equal  success  with  some 
other  method.  W(»  use<l  them  for  some  time  and  then  nearly  all  the  re- 
maining ones  went  into  the  resting  stage. 
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Protective  Colorinc^  in  Terns. 

A.   J.    BlUNEY. 

rrotec'tive  colorinj::  in  birds  lias  Ikh»ii  and  still  is  a  subject  of  great 
interest  to  the  ornitlioloj;ist.  Since  ecolojrical  factors  are  receiving  so 
mncli  attention  now  on  the  part  of  biologists,  every  item  bearing  upon 
variations  due  to  environment  is  of  interest,  since  it  throws  some  light 
upon  the  question  of  evolution. 

One  of  the  most  remarkable  instances  of  protective  coloring  came 
under  my  observation  during  the  past  summer  on  tlie  island  of  Penl- 
kt^e,  made  famous  by  l>ouis  Agassiz's  first  marine  laboratorj*.  This  island 
is  occupied  by  only  one  family.  Nothing  is  raised  except  a  tew  garden 
I>lants  and  sheep.  There  are  other  inhabitants  of  tlie  island,  however,  that 
are  more  important  than  sheep- at  least  to  the  biologist.  Thes^e  are  the 
terns.  Long  before  one  n^aches  the  island  h«^  can  hear  the  shrill  voices 
of  myriads  of  these  birds  as  they  fly  about  the  island  almost  constantly 
from  daylight  to  dark.  These  terns  are  protecteil  by  law  and  hence 
have  become  very  numerous.  Almost  (H>untless  thousands  are- to  be  found. 
The  sounds  of  their  slirill  voices  make  a  lasting  impression  upon  a  per- 
son. The  island  is  entirely  made  up  of  glacial  material,  here  and  there 
covered  with  grass.  The  beaches  around  the  entire  island  are  quite  wide 
and  covered  witli  gi'anite  pebbles  of  various  colors,  mostly  of  a  white, 
gray  or  slate  col<»r,  giving  tliem  a  mottled  appearance.  The  grass  and  the 
soil  is  very  much  tlie  same  in  color.  The  dead  grass  furnislies  a  fine 
place  for  nesting  and  also  for  hiding-places  l<»r  tlie  y<»ung  birds.  In  the 
breeding  season  the  nests  and  yimng  birds  are  so  numerous  tliat  one  has 
to  pick  his  way  carefully,  lest  he  step  on  some  of  tlieni.  They  are  so 
nearly  the  color  of  the  ground  and  grass  that  you  can  hardly  sch?  either 
bird  or  nest.  If  the  parent  bird  is  on  the  nest  the  dei-i'ption  is  almost 
perfect. 

The  most  deceptive  coloring  is  in  the  y(»ung  l)irds  when  they  lie  out  on 
the  p<»bbles  to  warm  themselves  in  the  sunlight.  The  imitation  is  so  i)er- 
fect  that  you  have  to  look  for  som(»  time  before  you  can  see  the  birds. 
The  eggs  are  mottle<l  in  the  same  way  as  the  sticks,  grass  iind  earth  that 
compose  the  nests.  The  adult  birds  are  not  mottled  as  are  the  young 
birds  or  the  eggs,  thus  showing  that  this  is  truly  a  proti'ctive  coloring. 
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Experiments  on  Developing  I^ggs. 

A.    J.    BiGNEY. 

The  jrreati'st  mysteries  in  the  biological  world  are  undoubtedly  locked 
up  in  the  ejrjr.  If  we  can  understand  the  intricate  changes  that  go  on  in 
a  developing  egg  we  have  acc()niplished  much.  Considerable  light  has  been 
thrown  upon  tliis  subjtH-t  during  tlie  past  few  years.  Eminent  biologists 
all  over  the  world  are  spending  tlieir  lives  trying  to  solve  the  mysteries. 
Various  experiments  have  l)t»eu  devisetl  to  try  to  throw  light  upon  these 
early  changes  in  the  egg.  ,  ^  - 

These  experiments  wliich  I  performed  were  under  the  direction  of  Dr. 
Lillie,  of  the  Cliicago  University,  at  the  Woods  Holl  Marine  Laboratory. 

PLxperimeiit  1.— The  egg  of  a  common  sea  minnow,  the  Fundulus,  was 
usetl.  When  the  of^fx  was  in  the  two-celled  stage  one  of  the  blastomeres 
was  punctured  with  a  needle  and  pressed  out  of  the  vitelline  membrane. 
The  other  blastomere  went  on  developing.  Its  development,  however, 
was  slower.  It  went  tlirough  all  the  regular  changes  and  became  an  em- 
bryo. Tlie  only  ditTcrence  that  could  be  discerned  was  in  size.  It  was 
considerably  smaller  than  tlie  normal  embryo.  I  succeeded  in  keeping  it 
alive  seven  days.  1  have  not  studied  the  embryo  any  more  to  see  whether 
there  are  internal,  changes  that  are  different  from  the  normal  embryo. 
The  siguifK-ance  of  this  ability  of  one  blastomere  to  develop  into  a  com- 
plete embryo  is  not  fully  understood.  In  this  egg  it  seems  to  indicate  that 
the  developing  juiwer  is  equally  distributiKl  tliroughout  the  egg. 

Experiment  2.— In  tills  exp(»rinieiit  the  eggs  of  the  sea-urchin  Arbacia 
were  us<h1.  Tlie  eggs  just  f<'rtillztMl  were  placcnl  under  a  long  cover-glass 
with  a  thill  i)H'rc  of  cover-glass  under  one  end,  thus  giving  a  gimdetl  pres- 
sure uiHUi  them.  Ill  tlie  segmentation  of  tlii'se  eggs  the  lirst  and  second 
cleavage  planes  were  natural,  but  the  third  was  jiarallel  to  the  firsts  the 
same  as  in  tlie  Fundulus.  Tlie  blastmlerm  in  the  eight-celled  and  slxteen- 
celled  stages  were  almost  identical  with  corresi>on(ling  stages  of  Fundu- 
lus. Tlie  eggs  did  not  develop  further  than  thirty-two  cells  where  the 
pressure  was  greatest. 

Experiment  o.— Arbacia  eggs  tive  minutes  after  fertilization  were 
shaken  vi(>lently  for  al)out  a  minute.  The  membranes  surrounding  the 
eggs  wero  tliereby  broken:  the  eggs  were  then  placed  in  artificial  sea 
water  in  wliUli  there  was  no  calcium.  Eggs  were  thus  treated  at  two- 
celled,  four-celled  and  eight-celled,  with  the  following  results: 
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Those  separated  at  the  two-celled  stage  lived  to  form  plutel. 

Those  separated  at  the  foiir-eelled  stage  formed  regular  blastulae  in 
most  cases. 

Those  separated  at  the  eight-celled  stage  also  formed  regular  blastulae. 

Experiment  4.— This  is  an  experiment  in  artificial  parthenogenesis  in 
arbacia.  Plutei  six  days  old  were  reared  l>y  Dr.  II.  J.  Hunter,  of  Kansas 
University.  He  carrieil  on  the  work  longer  and  he  has  specially  reported 
on  this,  hence  only  tliis  reference. 

These  experiments  are  very  interesting  and  may  be  of  considerable 
imporf.nnc*^  T^i»(j»^ '^e  learn  how  to  perfectly  intcrpi'et  them. 


The  Eye  of  I\\l.kmoxetes  Antrorum. 
Edwin  Manson  Nkher. 

Contributions  from  the  Zooloffioal  Ijaborfitory  of  the  Indinna  I'niversity,  under  the  direc- 
tion of  C.  H.  Eiirenmniin.    No.  47. 

A  blind  slirimp,  Pahi'monetes  antrorum,  evidently  occurs  in  abund- 
ance in  tlie  sul>tcrranejin  streams  almnt  San  Marcos,  T«»xas.  It  comes  out 
of  the  artesian  well  of  tlie  T'nitwl  States  Tisli  Commission  at  that  place 
in  large  numl)ei"s.  The*  well  is  about  one  hundred  and  ninety  feet  deep 
and  lias  a  yield  of  aixmt  one  tliousand  gallons  per  minute. 

A  brief  dcs<ripti<»n  of  rahiMiionetes  was  i)uMislicd  by  Benedict,  ISOG. 

The  mattM'ial  examint'd  consists  of  young  specimens,  r>  to  .■».5  mm.  hmg 
from  tip  of  ru.strum  to  tip  of  tclson  and  adult  siKM-imens  mea.suring  IT) 
mm.  along  tin*  snmc  line.  Most  of  them  were  collected  by  Dr.  C.  H. 
Eigenmann  at  the  San  Mareos  well  in  September,  isin).  Others  have  since 
been  sent  by  Mr.  J.  L.  Leary,  Superintendent  of  the  United  States  Hatch- 
ery at  that  place. 

The  material  at  my  disposal  was  preserved  in  4  per  cent,  formalin. 
The  anterior  end  of  the  cei)halo  thorax  was  dehydrated  and  imbedded  In 
paraflln  by  the  chhM-oform  method.  Sections  were  tloated  out  on  warm 
water  nnd  lixed  to  the  slide  with  glycerin-jilbnmen  and  stained  with 
Mayer's  haemalum,  followed  by  cosine.  Sperimens  of  P.  «»xilipes,  which 
were  uswl  for  comparison,  were  treatfKl  with  I'en»nyi's  Mui«l  for  forty- 
eight  hours  before  imbedding  and  the  s(M'tions  wt»re  depigmented  in  10 
per  cent,  nitric  acid  I'or  ten  hours.  The  cutl<-le  of  the  blind  shrimp  was 
found  to  section  readily  without  softening  in  Perenyi's  tluid. 
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According  to  Chill  on,  '(H.  the  dopenerntion  of  the  eyes  of  cmstaceftns 
may  follow  one  of  thivo  liiicsi.     Wo  may  havo- 


^/K       ,^^ 


-^ 


1.  Total  aiio]»liy  of  o]>lir  lolics  and  opih-  immv»'S,  with  or  without  fin* 
IMMsisiciMM'  ill  )hiri  of  tJH'  pimiMMit  (»r  I'otina  and  tin*  crystallin*'  loiis. 

L*.  INMsistcijcr  of  <»ptic  lobi's  and  «»i)tic  nrrvos,  hut  total  atrophy  of 
tln'  rods  and  «-onos.  r<'tina  <i)ij;mcntK  and  fa<M'ts.  or. 
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3.  Totiil  atrophy  of  the  optic  lobes,  optic  nerves,  and  all  the  optic 
elemeutj?. 

The  degeneration  of  the  eye  of  tlie  species  under  consideration  has  evi- 
dently followed  the  se<M>nd  of  these  lines.  The  optic  stalk  has  suffered 
a  foreshortening,  and  as  a  constHiuence  tlie  optic  pniglia  have  become 
telescoped.  The*  greatest  rtMluction  has  talcen  place  in  the  ecto-dermal  por- 
tions of  the  eye,  which  are  reduced  to  a  group  of  cells  not  exceeding  and 
pi"ol>al)ly  fewer  than  .'iTK).  Inasmuch  as  a  single  normal  ommatidium  cx>n- 
tains  sixteen  cells,  the  degree  of  degeneration  reacluHi  is  readily  setMi  to  be 
very  great. 

The  extent  of  the  mcxlification  of  the  eyes  <an  perhaps  be  most  readily 
described  by  a  comparison  of  the  e.v(*s  and  optic  stalk  of  this  species  with 
those  of  Pahemonetes  exilipes,  taken  in  the  San  Mareos  Uiver.  but  a  short 
distance  from  the  artesian  well. 

The  eye  and  optic  stalk  of  1*.  exilipes  presents  the  general  appear- 
nnc»e  of  the  crustacean  eye.  The  stalk  Is  a  trun<-ate  cone  (Fig.  1),  at- 
tached by  its  snniller  end.  On  the  distal  end  is  the  large,  dark,  conspicu- 
ous, hemispherical  eye.     It  is  wider  tlian  the  widest  part  of  the  stalk. 

In  P.  antrorum  the  eye  stalk  is  much  smaller  (Fig.  'J),  as  may  be  seen 
from  the  following  table: 

exilipes.  antrorum. 

Length  of  specimen 17  mm.  15  mm. 

Length  of  stalk  to  retina 787  //  525  ^ 

Width  of  stalk  at  retina 700  /^  175  w 

Width  of  stalk  at  base 387//  387// 

Width  of  retina 962.5  /j  0 

Nothing  api>ears  to  remain  of  the  eyes  except  the  short,  colorless, 
delicate  stalks.  The  stalks  are  conical,  being  attached  by  their  larger 
end.     The  axis  of  the  stalk  Is  ])arallel  with  that  of  the  Ixwly. 

The  distal  end  of  the  optic  stalk  of  P.  antrorum  is  covered  with  a  single 
layer  of  indifferent  hyx)oderm  with  nuclei  7.2/^  by  3.6  //.  except  at  a  short  dis- 
tance from  the  distal  end  of  the  outer  lower  quarter  of  the  stalk,  where  a 
group  of  slightly  modified  hyi)odermal  cells,  three  deep,  replace  the  single 
series  of  outer  parts.  The  nuclei  in  this  group  of  cells  are  rounded,  measur- 
ing about  6  to  8//  in  diameter.  This  group  of  cells  measures  about  50 /x  by 
70//.  There  is  no  indication  of  an  arrangement  of  these  cells  into  anything 
resembling  the  arrangement  of  the  cells  in  an  ommatidium. 
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The  following  data  gives  the  namber  of  retinal  oeUs  fonnd  in  each  of  a 
series  of  cross  sections.    Sections  are  6§  /i  thick  and  oonnted  from  in  front : 

No.  of  Sections.  No.  of  Cells  in  Retina. 

1  to    S 0 

8 11 

0 19 

10 20 

11 27 

12 33 

13 33 

14 28 

13 27 

1« 20 

17 7 

IS 7 

19 5 

2<» 0 

21 11 

22 13 

23 10 

24 10 

2:> 5 

2«; 0 

27 0 

2S 8 

29 4 

:{(> 2 

31 0 

32 0 

Totnl   327 

In  P.  exilii)e«  there  is  a  space  Wtween  the  banement  membrane  of  the 
hypodenii  and  the  membraua  propria  of  the  optic  ganglia,  which  is  occupied 
by  the  tine  fillers  which  connect  the  ommatidia  and  optic  ganglia.  In  P. 
antrorum  this  space  is  filled  with  coagulated  haemolymph  (Fig.  V).  This 
haemolyiiiph  ia  in  circular  or  angular  blocks.  These  blocks  l>egin  about  40  // 
from  tip  of  eye  and  extend  back  through  a  space  of  about  60  or  70  /u  to  the 
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cells  of  the  optdo  ganglia.  Small  particles  of  coagulated  haemoljinph  also 
extend  down  the  outside  of  the  eye  for  abont  half  of  its  length. 

Only  a  veiy  few  spoc-lniena  of  the  young  shrimp,  P.  antrorum,  could 
be  obtained.  Th€»se  wore  from  5  to  5.5  mm.  long.  The  optic  stalk  and  eye 
are  much  larjr«*r  in  proportion  to  the  size  of  specimen  (Fig.  Ill)  than  in 
the  adult  antrorum,  Imt  tiiey  are  actually  not  as  larjje  as  in  the  adult. 
The  internal  structure  showed  no  greater  diflferentiation  than  in  the  eye 
of  adult. 

I  am  very  ;;rateful  to  <t.  IL  Parlicr  for  assistance  in  the  interpretation 
of  tlie  structure  of  tliis  eye. 

EXrL.VNATION  OF  FKUKES. 

Figure  1.    lH>rsal  view  of  tlie  front  end  of  I*,  exilipes. 

Figure  2.    Dorsal  view  of  tlie  front  end  of  F.  antrorum,  sliowing  the  small 

eyes. 
Figure  i>.    Dorsal  view  of  the  front  end  of  a  y<umg  F.  antrorum  about  5 

uim.  long. 
Figure  4.    Fliotograpli  of  a   <-ross  section   througli  the  optic  stalk  of  P. 

antrorum.  showing  th(^  group  of  retinal  hypodermal  cells  of 

tlie  right  eye. 
Figure  5.    IMiotngraph  of  a  longitudinal  se<-tion  through  the  optic  stalk 

of   P.  antrorum,  showing  the  group  of  retinal  hypoilernml 

<-ells. 
Figure  t».    Knlnrged  view  (photograph)  of  group  of  retinal  hypodermal  cells 

shown  in  Fig.  5. 
Figure  7.    Photograph  of  anotlhM*  group  of  retinal  hyiXMlermal  cells.    Hor- 
izontal se<'tion. 
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some  general  remarks  on  the  fauna  of  caves  and  wells. 
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Parker,  *9<).— The  eyes  in  Mind  crayfish. 

Bull.  Mils.  Conip.  Zool.,  xx,  pp.  17)3-102,  plate  i. 
Parlver,  '*J1.— Tlie  CotniMnmd  eyes  in  crustaceans. 

Bull.  Mus.  Conip.  Zuol.,  xxi,  pp.  45-140,  plates  i-x. 


The  History  of  the  Eve  of  Amhlyopsis. 

C.    H.    ElGENMANN. 

[Abstraet.l 

A.     DEVELOrMENT. 

The  eyo  of  Aiublyopsis  ajipears  at  tlie  same  stage  of  growth  that  it 
appears  in  tislu^s  dcvf'lopinij:  normal  eyes. 

The  eye  grows  hut  little  after  its  appearance. 

All  the  (levolopmcntal  pnxesses  are  retanlinl  and  some  of  them  give 
out  pHMnaturely.  The  most  important  of  the  latter  is  tlie  cell  division 
and  the  aicomi>anying  growtli  tliat  provides  tlie  material  for  the  eye. 

The  lens  apjM'ars  at  tlie  normal  time  and  in  tlie  normal  way,  but  its 
cells  nev<»r  divide  and  never  lose  th^ir  end)ryonic  character. 

The  h»ns  is  ihe  tirst  i>art  of  the  eye  to  show  degenerative  steps  an«l  it 
disappears  entirely   ht'fore  the  tish  has  reached  a  length  of  1  mm. 

The  oi)tic  nrrvp  appi'ars  shortly  before  the  tlsh  reaches  5  mm.  in 
length.  It  dot's  n(»t  in<-reaM'  in  size  wiih  the  growth  of  tiie  tish  and  pos- 
sibly never  de\  elops  normal  nei've  tlbers. 

The  nerve  does  n(»t   increase  in  size  with  growth  of  the  fish. 

The  optic  nerve  giadnally  loses  its  eompaet  form,  beetnnes  flocciilent. 
dwindles  ;ind  «  an  not  l)e  f(»lloW(Hl  by  the  time  the  tish  has  reachetl  50  mm. 
in  length.  In  the  eye  if  retains  its  <"ompaet  form  for  a  much  longer  time, 
but  disaipears  here  also  in  old  age. 

The  scleral  cartilages  appear  when  the  tish  is  10  mm.  long:  they  grow 
very  slowly-  p;i.vsii>ly  till  ol<l  age.  They  »lo  not  ilegenerate  at  the  same 
rate  as  othci*  j saris  of  the  eye  if  they  degenerate  at  all. 
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B.    HISTORY. 
The  history  of  the  eye  may  be  divided  into  four  periods: 

(a)  The  first  perioil  extends  from  tlie  appearance  of  tlie  eye  till  the 
embryo  reaches  4.5  mm.  in  length.  This  i>eriod  is  characterized  by  a 
normal  palinpenic  development  except  that  cell  division  is  retarded  and 
there  is  very  little  growth. 

(b)  The  second  period  extends  from  tlie  first  till  the  fisli  Is  10  mm. 
long.  It  is  ehtu'acterized  by  the  direct  development  of  the  eye  from  the 
normal  embryonic  stage  reached  in  the  first  i>eriod  to  the  highest  stage 
reached  by  the  Amblyopsis  eye. 

(c)  The  third  period  extends  from  tlie  second  period  to  the  beginning 
of  senescent  degeneration,  from  a  length  of  10  mm.  to  al»ont  80  or  100  mm. 
It  is  characterized  by  a  nnmber  of  changes,  which,  while  not  improving  the 
eye  as  an  organ  of  vision,  are  positive  as  contrasted  with  degenerative. 
There  are  also  distinct  degenerative  processes  taking  place  during  this 
period. 

k1)  The  fourth  period  begins  with  the  beginning  of  senescent  degen- 
eration and  ends  with  death.  It  is  characterized  V>y  degenerative  processes 
only,  which  tend  to  gradually  disintegrate  and  eliminate  the  eye  entirely. 
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D.    CONCLUSIONS  OF  GENERAL  BIOLOGICAL  INTEREST. 

Some  lato  stages  of  development  are  omitted  by  the  giving  out  of  de- 
velopmental processes.  Some  of  the  processes  giving  out  are  cell  division, 
resulting  in  the  minuteness  of  the  eye  and  the  histogenic  changes  which 
differentiate  the  cones  and  the  outer  reticular  layer. 

There  being  no  causes  oi)erative  or  inhibitive  either  within  the  fish 
or  in  the  environment  that  arc  not  also  operative  or  inhibitive  in  Cholo- 
gaster  agassizii,  which  lives  in  caves  and  develops  well-formed  eyes,  it 
is  evident  that  the  causes  controlling  the  development  are  hereditarily 
establislied  in  the  egp?  by  an  accumulation  of  such  degenerative  changes 
as  are  still  notable  in  the  later  history  of  the  eye  of  the  adult. 

The  foundations  of  the  eye  are  normally  laid,  but  the  superstructure, 
instead  of  continuing  the  plan  with  additional  material,  completes  it  out 
of  the  material  provided  for  tlie  foundations.  The  development  of  the 
foundation  of  the  eye  is  phylogcnic,  the  stages  beyond  the  foundations  are 
direct 
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E.    TABLE  OF  MEASUREMENTS  OF  EYES  OF  EMBRYOS  OF 
DIFFERENT  SIZES. 


Condition  of  Embryo 

Livinff  or  Direction 

of  Sections. 

Length 
Embryos. 

No.  of 
Embryos 
Measured. 

Longitu- 
dinal Di- 
ameter. 

Vertical 
Diam- 
eter. 

Axial  Di- 
ameter  of 
Eye  from 
Cornea  to 
Optic 
Nerve. 

1.6  mm 

1.76 

2 

2.5 

2.8 

4 

5 

6 

6 

6 

6.5-7 

5.5-7 

6.5-7 

9-9.5 

9-9.5 

9-9.5 
10 
10 
10 
25 
25 
36 

1 

SOfi. 

100 

135 

190 

170 

200 

144 

136 

36/*. 
48 

3 
2 

100 

Alive 

Alive 

150 

134 

88 

70 

100 

Sagittal  

Cross 

100 

Horizontal  

136 
160 

80  and  108 

Moanted  entire 

160 
126 

Cross 

99 

Horizontal 

152 
103 

115 

Sagittal 

88 

Cross 

106 

90 

Horizontal 

114 
120 

98 

Sagittal 

112 
108 
130 

Cross 

109 

Entire 

135 
120 

Horizontal 

128 

Cross 

160 

160 

Horizontal 

192 

144 

100 


The  Eye  of  Rhinbura  Floridaxa. 

C.   H.    ElGENMANN. 

[Abstract.] 

Rhineura  floridnna  is  a  loglosA.  burrowing,  amphisbaenian  lizard,  found 
in  Florida,  My  atttMition  was  called  to  it  by  Mr.  W.  S.  Blatchley,  and  I 
securiHl  8i>ociniens  through  doaltM-s  and  through  Dr.  W.  B.  Fletcher,  of  In- 
dianapolis, who  kindly  forwarded  a  number  of  living  specimens  to  me. 

A  study  of  tlieeye  of  this  lizard  has  led  to  the  following  conclusions: 

1.  The  eye  of  Khineura  has  reached  its  present  stage  as  the  result  of 
a  process  of  degeneration  that  probably  l>egan  In  the  early  mioc^ene. 

2.  The  dermis  and  epidermis  pass  over  the  eye  without  any  modifica- 
tion.   The  conjunctival  iKxcket  has  vanished. 

3.  Harder's  gland  is  many  times  as  large  as  the  eye  and  pours  its 
secretion  into  the  tear  duct  and  thus  into  the  nasal  cavity. 

4.'  The  eye  muscles  have  dlsapi»eared. 
5.    A  cornea  is  not  different iattnl. 

G.  Tlie  lens  is  absent  in  half  the  eyes  examineil  and  varies  greatly 
in  those  in  which  it  was  found. 

7.  The  vitreous  l)ody  has  practically  disappeared. 

8.  Tlie  pigment  epithelium  is  variously  pigmented.  It  is  of  greater 
extent  than  is  sutHcient  to  cover  the  retina  and  luis  been  variously  In- 
vaginated  or  puckereil  over  the  proximal  and  posterior  faces  of  the  eye. 

9.  An  uveal  part  of  the  iris  is  not  found. 

10.  The  eye  of  Ithineura  does  not  represent  a  phylogenetically  primi- 
tive stage:  it  is  an  end  pixnluct  of  evolution  as  truly  as  the  most  highly 
developed  eye. 

11.  The  adult  eye  shows  few  indications  that  there  has  been  a  cessa- 
tion of  development  at  any  definite  ontogenic  stage.  It  does  not  resemble 
as  a  whole  any  ontogenic  stage. 

12.  An  arrest  in  the  ontogenic  deveh)pment  has  taken  place  in  so  far 
as  the  numl)er  of  cell  multiplications  (H)ncerned  in  forming  the  anlage  of 
the  various  parts  of  the  eye  liave  decreased  in  number,  and  in  the  lack  of 
union  of  the  lips  of  the  clioroi<l  fissure. 

13.  It  is  iK)Sslhle  that  the  absence  of  cones  or  rods  is  due  to  an  arrest 
in  the  histogenesis  of  the  retina,  but  since  these  strmitures  are  normally 
formeil  in  the  young  of  Typhlotriton  and  disappear  with  age.  it  is  possible 
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that  their  absence  iu  the  adult  eye  of  Rhineura  is  also  due  to  ontogenic 
degeneration. 

14.  The  in*egularity  in  the  structure  and  existence  of  the  lens  and  the 
great  reduction  of  the  vitreous  body  offer  evidence  in  favor  of  the  idea  of 
the  ontogenically  and  phylogenically  earlier  disappearance  of  the  onto- 
genically  and  phylogenically  newer  structures. 

15.  Horizontal  nuclei  found  between  the  pigment  epithelium  and 
the  outer  limiting  membrane  are  probably  derived  from  the  proximal  layer 
of  the  optic  cup. 

16.  The  different  layers  of  the  retina  have  reached  a  degree  of  differen- 
tiation out  of  proportion  to  the  great  reduction  of  the  dioptric  apparatus 
and  general  structure  of  the  eye. 


Zoological  Miscellany. 

C.    H.    ElGENMANN. 

1.  Portions  of  a  mastodon  were  found  on  a  sand-bar  in  the  Ohio  River, 
near  Roclvport,  Ind.  They  have  been  presented  to  Indiana  University  by 
Karl  Ci-amer. 

2.  The  l>()nes  of  Megalonyx  jeffersoni,  from  the  Owen  collection,  have 
been  mountf^l  in  tlieir  relative  ix>sitions  and  are  now  on  exhibition  in 
Owen  Hall. 

3.  Tlie  Museum  of  tlie  Indiana  University  finds  itself  in  possession 
of  a  collection  of  birds,  made  l)y  IM-esident  Roosevelt  at  St.  Regis  Bay  and 
at  Oyster  Bay,  Ix'twecn  1S72  and  1877.  Most  of  the  specimens  bear  the 
original  lalM'ls  written  l»y  Mr.  Roosevelt,  which  are  examples  of  explicitness 
and  fulness  in  labeling.  Tlie  earliest  specimen  was  collected  February 
12,  1872,  and  bears  lh(»  serial  number  4  of  his  collection.  Mr.  Roosevelt 
published  a  small  papt^r  upon  the  birds  of  the  Adirondacks  and  another  on 
those  of  Long  Island,  based  in  part  on  these  specimens.  The  trustees  of 
the  University  have  ordered  a  dust-proof  case  to  be  made,  in  which  they 
are  to  be  preset* ved  for  the  future. 

There  are  forty-six  birds  in  all,  forty-two  species,  fifteen  less  than  the 
number  sent  here  by  the  National  Museum. 
The  lal»els  read  as  follows: 
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Variation  Notes. 

0.   H.    ElGEHMANN  AND  ClARENCE  KeNNEDT. 


The  SpiNNiN(i  OF  the  Egg-Sac  in  Lycosa. 

W.   J.    MOENKHAUS. 

The  habit  of  the  female  spinning  a  round,  ball-like  egg-sac  and 
carrying  this  suspended  from  the  spinners  during  the  period  of  incuba- 
tion, is,  so  far  as  I  can  determine,  characteristic  of  the  entire  family  of 
ground  spiders,  the  Lycosidae,  with  the  exception  of  the  single  genus 
Dolomedes.  The  process  of  the  construction  of  the  cocoon  has  been  sel- 
dom observed,  so  far  as  I  can  determine  from  the  literature.  This  Is  due 
to  the  ditiiculty  attending  such  observation,  since  all  of  the  species  either 
tunnel  more  or  less  deeply  into  the  ground  or  live  in  retreats  under  stones, 
boards,  and  the  like.  I  had  tried  for  a  long  time,  without  satisfactory 
results,  to  observe  this  until  I  finally  hit  upon  a  species  Lycosa  sp.  that 
permitted  me  to  make  the  observation  very  completely.  The  plan  had  been 
to  place  gravid  females  in  glass  jars  half-filled  with  earth,  and  by  moisten- 
ing this  next  to  the  glass  induce  her  to  construct  her  burrow  there  and 
thus  enable  me  to  watch  her  actions  through  the  glass.  While  I  got 
several  females  thus  to  constinict  their  burrows  and  spin  their  egg-sacs, 
I  was  not  able  to  see  sutficiently  well  through  the  glass,  which  always 
became  pretty  well  besmeared  with  earth  during  the  excavation.  In  the 
case  under  consideration,  however,  the  whole  process  occurred  above 
ground,  so  that  I  could  see  it  step  by  step.    This,  briefly,  ran  as  follows: 

She  first  excavated  a  shallow  hole  in  the  middle  of  the  jar  about  one- 
third  greater  in  diameter  than  the  length  of  her  body.  This  she  did  with 
her  mandibles  and  palpi,  piling  the  excavated  ground  in  a  crescentic  heap 
around  one  side  of  the  hole.  Then  she  spun  a  thin  sheet  over  the  hole, 
extending  from  the  top  of  the  crescentic  heap  to  the  opposite  side,  com- 
pletely covering  the  hole.  This  sheet,  thus,  was  not  horizontal,  but  in- 
clined, and  in  the  instance  obsen-ed  about  25  degrees,  the  inclination,  of 
course,  being  determined  by  the  height  of  the  crescentic  embankment. 
Upon  the  center  of  this  sheet  a  crescent-shaped  pocket  was  constructed 
with  the  broad  and  open  side  directed  toward  the  higher  end  of  the  incline. 
Into  this  the  eggs  were  deposited  immediately  after  its  completion.    The 
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eggs  filled  the  pocket  heai>ed  full.  The  exposed  surface  of  the  eggs  was 
then  closely  spun  over  so  that  they  were  completely  enclosed  in  a  slightly 
compressed  spherical  cocoon,  suspended  in  the  center  of  the  sheet  The 
edges  of  the  slieet  were  then  cut  loose  from  the  ground,  carefully  rolled  up 
with  the  maiuliblcs  and  paJpi  and  tucked  up  against  the  cocoon,  being  spun 
fast  as  the  work  proceedotl.  'ITiis  appeared  as  a  rather  prominent  equa- 
torial band  around  the  cocoon  at  the  line  of  attachment  of  the  sheet. 
The  whole  cocoon  was  strengthened  by  further  spinning,  and,  when 
finished,  was  fastened  to  tlie  spinners  and  carried  away.  The  wh<fte  was 
completed  in  a  little  more  tlian  one-lialf  houn 

I  have  examined  the  cocoons  of  over  fifty  difl^erent  species  of  Lycosidae 
and  all  show  their  e<iuatorial  band  more  or  less  prominently,  so  that  it 
would  seem  that  all  the  speciw  adopt  in  general  this  same  plan  of  con- 
structing their  egg-sac. 


Experiments  ix  the  Hybridization  of  Fishes. 

W.   J.   MOENKHAUS. 
[AbHtract.] 

During  the  past  thnn*  years  tliirty-three  different  crosses  were  made 
among  fishes.  Most  of  these  were  betwet*n  marine  si>e<!ies;  several  were 
between  fresh-water  sp(^*les.  anti  throe  between  marine  and  fresh-water 
siK>cieH.  In  no  combination  was  there  a  failure  of  impregnation.  The 
per  cent,  of  og^s  Impregnated  was  usually  large— r>4)  to  100  per  cent.;  in  a 
few  instancies  as  low  as  1  i)er  cent.  This  i>er  cent.  l>ore  no  relation  to  the 
bloo<l  relationship  of  the  species.  In  most  of  the  cases  there  was  either 
no  polyspermy  or  the  i>er  cent,  of  pcdysiKM*my  was  small.  In  two  crosses 
this  was  as  great  as  50  per  cent,  of  the  impregnated  eggs.  The  degree  of 
polyspermy  lK)re  no  relathm  to  the  nearni^ss  of  relationship. 

In  all  cases  of  n()rmal  impregnation  the  earlier  phases  of  development 
were  passed  through  normally.  All  crosses  except  where  Bnlrachus  tau 
was  used  as  the  female,  the  development  went  Ix^yond  the  segmentation 
stages,  the  embryonic  shield  being  apparently  perfectly  formed.  Many 
cross(»M  went  beyond  this  to  the  closure  of  the  blasioi>ore,  but  in  these 
cases  the  eml^ryo  was  varyiugly  shorter  than  the  normals.  Seven  crosses 
developed  into  healthy  fry.  Some  of  these,  however,  showed  abnormali- 
ties, usually  in  the  caudal  peiluncle  and  the  anal  fin.  These  latter  crosses 
were  either  between  si>ecies  of  the  same  genus  or  nearly  related  genera. 
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An  Aberrant  Etiieostoma. 

W.   J.    MOENKHAUS. 

While  seiiiinp  in  Tippecanoe  r>ake  during  the  summer  of  1890,  there 
was  taken  among  a  great  many  Etheostoma  capnxles  a  single  very  aber- 
rant specimen  of  darter.  I  have  been  unable  to  identify  it  with  any  de- 
scribed species.  Its  close  affinity  to  Etheostoma  capro<les  and  to  Etheos- 
toma aspro  at  once  strikes  one,  and  a  closer  study  shows  it  to  be  in  many 
respects  intermeiliate  l>etween  these  two  species. 

The  specinu^n  is  rather  large,  although  not  too  large  for  an  Etheostoma 
aspro,  measuring  78  mm.  in  lengtli.  The  form  of  the  head  and  body  is 
very  much  like  Etheostoma  asi)ro.  The  snout  is  evidently  longer  and  the 
interorbitnl  space  broader.  The  clieeks,  opercle  and  nape  are  scaled.  The 
color  pattern,  on  the  wliole,  also  rc*sembles  more  closely  that  of  Etheos- 
toma aspro.  The  barred  character  of  Etheostoma  caprodes  in  the  upper 
half  plainly  shows  itself.  Along  the  side  is  a  series  of  nine  large  dark 
blotches,  more  or  less  confluent  with  interme<liate  smaller  ones.  The 
dorsal,  jn^ctoral  and  cau<lal  fins  are  barred.  The  ventral  and  anal  flns, 
plain. 

In  the  table  are  given  measurements  and  counts  of  the  aberrant  spec- 
imen and  the  two  most  nearly  related  species: 


Etheostoma 
caprodes. 

Ktlieostomasp.? 

Etheostoms  aspro. 

Dorsal  fins 

XIV-16  (average)  .... 

II-U  (average)  

88  ( average) 

XVI-14 

XIII-13 

Anal  fin  

II-ll 

II-9 

Lateral  line 

80 

69 

Head  in  bodv 

4  27          .                 ... 

4  21 

4.00 

Three  possibilitit^  presiMit  themselves:  (1)  The  specimen  may  be 
merely  an  unusually  aberrant  form  of  Etiieostoma  caprodes  or  of  Etheos- 
toma aspro;  (2)  it  may  be  a  new  spei-ies:  (3i  it  may  be  a  hybrid. 

In  regard  to  tlie  tirst,  it  may  be  sai<l  that,  considei-ing  all  the  charac- 
ters, it  is  srarceiy  within  the  range  of  normal  local  variability  of  either 
species.  If  we  consider  the  spines  and  rays,  the  scales  and  the  proportions 
as  set  forth  in  the  above  table,  it  would  seem  easiest  to  consider  it  a  vari- 
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ation  of  Etheoetoma  caprodes.  In  the  form  of  the  body  and  the  colora- 
tion it  could  more  easily  fall  within  the  range  of  variation  of  Etheostoma 
aspro.  Indeed,  this  affinity  is  so  strong  that  if  it  is  merely  a  variation 
It  can  only  have  come  from  Etheostoma  aspro. 

Both  in  coloration  and  in  structural  characters  it  can  readily  be  dis- 
tinguished from  either  of  the  two  most  closely  related  species,  so  that  it 
would  be  easy  enough  to  characterize  it  as  a  new  species.  The  reasons 
against  this  are  the  usual  ones,  namely,  that  we  have  only  a  single  speci- 
men and  that  if  it  represented  a  species  that  is  even  only  poorly  established 
more  specimens  should  have  been  obtained  in  the  enormous  amount  of 
seining  that  was  done  during  the  same,  previous  and  subsequent  summers. 

It  is  entirely  possible  that  we  have  here  a  hybrid.  There  are  charac- 
ters that  show  a  strong  affinity  for  each  of  the  supposed  parent  species, 
as  well  as  characters  (scales)  that  are  intermediate.  Both  parent  species 
occur  in  the  lake,  Etlkeostoma  caprodes  abundantly,  Etheostoma  aspro  spar- 
ingly. The  most  serious  objections  against  considering  this  a  hybrid  is 
the  large  number  of  dorsal  spines— sixteen— in  the  dorsal,  larger  than  in 
either  parent  species.  About  2  per  cent.,  however,  of  Etheostoma  caprodes 
have  sixteen  spines  in  this  lake  and  an  occasional  specimen  is  found  with 
seventeen.  It  should  be  stated  In  this  connection  that  I  have  experi- 
mentally obtained  healthy  fry  between  Etheostoma  coerulcum  and  EtheoS' 
toma  nwrum,  two  si>ecles  much  more  distinct  than  the  assumed  parent 
species.  There  seems,  therefore,  to  be  considerable  evidence  in  favor  of 
the  assumption  that  this  is  a  hybrid. 
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REPORTS  FROM  THE  BIOLOGICAL  STATION. 


I.     MAPS  OF  WINONA,  PIKE  AND  CENTER  LAKES.* 
Allen  A.  Norris. 


INPIANA 

UMlVCfOlTY  Di6Lft6lOAL 

5TATI0M 

PIKL-CLKTCR  LAKtSi 

A  LUNA  NMM 


'-'Contributions  from  the  Zoological  Laboratory  of  the  Indiana  University,  under  the 
direction  of  C.  U.  Eigcnmann,  No.  48. 
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IL    FAUNA  AND  FLORA  OF  WINONA  LAKE,  PARTS  A,  B,  C.  D.* 


A.    A  List  of  the  Mollusca  of  Eagle,  Center  and  Pikx 
Lakes,  Kosciusko  County,  Indiana. 

A.  A.  NoBBis. 

The  moUusks  mentioned  below  were  collected  during  the  lummer  of  1901. 
In  the  preparation  of  the  list  I  have  been  under  obligations  to  Dr.  Call,  of  the 
Children's  Museum,  Brooklyn,  and  to  Chas.  T.  Simpson,  of  the  Smithsonian 
Institution,  each  of  whom  examined  and  named  a  part  of  the  collection. 

UNIVALVES. 

1.  SeleniUs  eoncava  Say.     Common  on  the  marsh  shores  of  Pike  Lake. 

2.  Mesodon  muUilineatug  Say.     Abundant. 
8.     Mesodon  mitcheilianua  Lea.     Common. 
4.     Limnophyaa  caperata  Say.     Common. 
6.     Limnopkjfaa  humilis  Say. 

6.  Fhysa  gyrina  Say.     Common. 

7.  Hel%9oma  campanviata  Say.     Abundant. 

8.  Hdisama  trivolvis  Say.     Abundant. 

9.  Hdi^oma  bicarinata  Say.     Common. 

10.  Gyraulu9  parvus  Say.     Common. 

11.  Amnieola  limoaa  Say.     Common. 

12.  Amnieola  parata  Say.     Common. 

13.  Valvatn  triearinata  Say.     Common 

14.  Campeloma  ntbaolidum  Anthony.     Found  in  outlet  of  Eagle  Lake. 

15.  Oampeloma  rufum  Haldeman.    Abundant  in  the  outlet  of  Eagle  Lake. 

16.  Pleuroura  subulare  Lea.     Very  abundant  in  Pike  Lake  and  Eagle  Lake. 

17.  Pleuroeera  elevatum  Say.     Outlet  of  Pike  Lake. 

18.  Sphaerium  Irannerfum  Say.     Frequent  in  the  outlet  of  Eagle  Lake. 

BIVALVES. 

19.  Unio  unduialm  Barnes.     Abundant  in  the  outlet  of  Pike  Lake,  rare  in  the 

other  outlets,  not  found  in  the  lakes. 

20.  Unio  gibbosus  Barnes.     Three  specimens  were  taken  in  the  outlet  of  Eagle 

Lake. 


'^'  ContributioDB  from  the  Zoological  Laboratory  of  the  Indiana  University,  under  the 
direction  of  C.  11.  Eigenmann.  No.  49. 
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and  war,  more  wary  than  D.  spinoHUs^  and  most  numeroa!)  about  ihe  water  from 
9  a.  m.  to  4  p.  m.,  where  thej  are  coa>piciious  by  reapon  of  the  yellow  or  reddish- 
yellow  seventh  to  ninth  abdominal  segmenlf. 

3.  QomphuB  viUotipes  Qelya,  Tippecanoe  River,  near  Warsaw,  June  23,  1901, 
3  males.     Ilolliday  and  WilliamFon. 

4.  Gomphus  dilatatus  Rambur.  Tippecanoe  River,  near  V\*ar>aw,  Juno  23, 
1901,  5  males,  1  female.  Williamson  and  HoUiday.  This  species  was  found 
only  near  the  P.,  Ft.  W.  &  C.  R.  R.  bridge  over  Tippecanoe  River,  and  only  on 
this  one  date.  The  bridge  was  being  repaired,  and  the  dragonflies  were  taken 
resting  on  some  of  the  timbers,  usually  near  the  water,  which  flowed  swiftly  here. 
Poenibly  half  the  number  seen  were  captured.  They  did  not  patrol  the  river, 
apparently,  and,  when  frightened,  they  usually  left  the  river,  disappearing  over 
the  fields  on  either  side. 

5.  Goniphun  ttpinicepa  Walsh.  Old  canal  feeder  along  the  St.  Joseph  River, 
near  Ft.  Wayne,  July  19,  1!)01,  one  teneral  female  taken,  another  teneral  seen» 
and  two  exuviae  found  in  grass  clumps  two  or  three  feet  from  the  water. 

6.  Sifmpetrum  corrupfum  Ifagen.  Near  Winona  Lake,  August  10,  1901, 
1  male.     Miss  N.  O.  Ilarrnh. 

Ninety-seven  species  of  dragonflies  are  now  recorded  for  Indiana.  If  stmiaipiea 
(or  the  form  usually  known  by  this  name)  and  asaimifatum  should  he  regarded  as 
distinct  from  Tetraguncnria  cynoMura  and  Sympetrum  inibicundnlmn  respectively, 
then  the  Indiana  list  numbers  99  species. 

NOTES  AND  CORRECTIONS. 

1.  Ari/m  tnuwlatn  Hagen.  PI.  I,  Fig.  1.  Ah.,  male  30,  female  28;  h.  w., 
male  *J2,  fcMiiale 'J.I.  A  dark  colored  species;  post  ocular  spots  small,  not  con- 
nected ;  thorax  nearly  to  lirbt  lateral  tuture  black,  narrow  antehumeral  and  post- 
humeral  pale. stripes,  the  latter  only  above;  these  stripes  wider  and  the  post- 
humeral  longer  in  the  female;  sides  of  thorax  pale,  second  lateral  (•uture  with 
a  black  stripe.  Abdomen  black;  pale,  narrow,  interrupted  hta^al  rings  on  3-7; 
male  with  u  blue  basal  spot  on  8  and  9,  spot  apically  three-pointed,  one  point  on 
either  side  (half  the  length  of  the  segment  on  8,  nearly  ilie  ci.tiie  lorgth  on  9), 
and  the  middle  one  on  the  dorsum;  fenrile  with  a  pale  lateral  stripe  the  length 
of  the  abiom^n,  interrupted  at  ba'tes  and  apices  of  segments,  and  placed  lower 
on  6  and  7.  The  distribution  of  this  species,  us  now  known,  is  such  as  to  make 
its  discovery  in  Indiana  possible. 

2.  Sehalcnnia  ireue  Hagen.  Winona  Lake,  June  22,  1901;  Wooden  Lake, 
July  4,  1901.     Clarence  Kennedy. 
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3.  In  plate  I  are  figured  the  male  abdominal  appendaged,  lateral  and  dorsal 
views,  of  four  species  of  Enallagmas.  Two  of  these,  calverti  and  aspenum,  have 
been  taken  in  the  State,  and  the  occurrence  here  of  cyalhigerum  and  doubledayi  is 
probable.  The  species  here  designated  as  cyathigerum  is  the  same  as  anneiuvi.  I 
believe  that  annexum  (North  American)  and  cyathigerum  (European)  are  identical. 
Hageni  and  cyathigerum  are  very  closely  related— much  more  closely  thiyi  calverti 
and  cyathigerum.     Doubledat/i  finds  its  closest  allies  in  carvnculatum  and  civile 

4.  In  the  report  of  the  State  Geologist  for  18^7,  p.  404,  I  have  recorded 
Enallagma  taterale  Morse  for  Shriner  Lake.  This  is  a  mistake  in  determination; 
the  single  male  is  carunculatum. 

5.  The  seasonal  range  of  Enallagma  traviatum  is  possibly  not  so  short.  I 
have  records  of  it  at  Winona  Lake  from  June  24  to  July  13,  1901.  It  b  much 
less  conspicuous  than  any  other  Enallagvia  with  which  I  am  acquainted. 

6.  On  and  about  July  6,  1901,  Mr.  Kennedy  and  myself  noticed  on  several 
occasions  the  increased  activity  of  Enallagma  pollutum  and  mgnatum  as  twilight 
came  on.  In  the  spatter-dock  bed*,  where,  during  the  mid-day  hours  only  an 
occasional  wandering  male  would  be  seen,  just  before  sundown  many  pairs  clung 
to  the  broad  leaves  or  flitted  in  couple  far  out  over  the  lake. 

7.  On  August  25,  li^OI,  at  Cedar  Lake,  Whitley  County,  Mr.  Kennedy  and 
myself  took,  in  two  or  three  hours'  time,  65  specimens  of  hchnura  kellicotti  about 
water-lily  beds  at  the  southwestern  end  of  the  lake. 

8.  The  distribution  of  Herpetogomphus  designatus  as  now  known  is  such  that 
this  species  may  be  looked  for  in  southwestern  Indiana.  In  the  key  to  genera, 
Dragonjlies  of  Indiana,  it  will  runout  to  Ophiogomphun.  Professor  Needham  has 
pointed  out  that  the  two  genera,  Ophiogomphus  and  Herpetogomphus,  may  be  dis- 
tinguished by  the  form  of  the  pot^t  anal  cells.  This  character  is  indicated  in  figs. 
2  and  3,  pi.  I.  In  the  case  of  Ophiogomphus  the  two  branches  of  the  anal  vein 
form  a  distinct  loop.  Ophiogomphus  rupinifulensi,^  was  taken,  June  28  and  30,  1901, 
along  the  Tippecanoe  Kiver,  near  Warsaw. 

9.  Dromogomphus  spinosus  has  been  observed  during  1901,  as  follows:  Tippe- 
canoe River,  June  23  and  30;  Chapman  Lake,  June  30;  and  Ft.  Wayne,  along 
the  old  canal  feeder,  July  18.  During  July  the  species  was  taken  several  times 
at  W^inona  Lake. 

10..  Lanthus  atbiatylus  Selys  has  been  taken  in  Maine,  Pennsylvania  and 
Tennessee;  and  its  occurrence  in  Indiana  is  very  probable.  In  the  Dragovflies 
of  Indiana  this  species  will  run  out  to  the  genus  GomphuA.  lAinfhus  and  Gomphus 
may  be  separated  by  the  form  of  the  post-anal  cells  (see  figs.  4,  5,  6  and  7,  pi.  I). 
In   Lanthus  the   portion   of  the  sec  md  branch  of   the  anal  vein  bounding  the 


122 


first  ana]  cell  on  iU  outer  tide  (M)  is  longer  than  that  portion  of  the  anal  Tein 
bounding  the  outer  side  of  the  same  cell  (S).  In  Chmphiu  M  is  always  shorter 
than  8,  unless  a  vein  between  post-anal  cells  meets  8,  as  in  Qg.  4.  The  Qompki 
occurring  in  Indiana  can  be  readily  separated  into  three  groups  on  characters  of 
the  post-anal  cells. 

I.  Second  branch  of  anal  vein  not  angled  where  the  first  cross  vein  be- 

tween post-anal  cells  meets  it  (at  point  T) ;  normally  two  post> 
anal  cells  in  the  first  series  (fig.  4).  (North  American  and 
European.) 

II.  Second  branch  of  anal  vein  angled  at  point  T ;  normally  one  post- 

anal cell  in  first  series,  two  in  second  (fig.  5).     (North  American.) 
III.     Second  branch  of  anal  vein  angled  at  point  T;  normally  one  post- 
anal cell  in  first  two  series,  followed   by   two   (fig.  6).     (North 
American. ) 
Lanthus  is  similar  to  this  Group   III  of  the  genus  Gomphus,     It  may  be 
separated  by  the  character  indicated  above. 

The  species  of  Oomphi  known  to  occur  or  possibly  occurring  in  Indiana  may 
be  arranged  in  these  three  groups,  as  follows: 

I.     brevis.  II.     (?)  pallidus.  III.    externus. 

viridifron<i.  villosipes.  fraternus. 

quadricolor.  (?)  cornutus.  crassus. 

eiilis  ventricosus. 

sordiduH.  vastus, 

spicatus.  dilatatus. 

graslinellus.  amnicola. 

furcifer.  plagiatus. 

(?)  pallidus.  notatuf*. 

spiniceps. 
Prof.  Hine  and  Mr.  Tough  have  studied  G.  eomutus  and  G.  paUidw  for  me. 
From  their  sketches  I  believe  both  species  will  come  in  Group  II,  but  the  ma- 
terial is  so  scanty  I  can  not  be  sure  of  this. 

11.  Gomphus  viridifrons  Hine.  PI.  I,  figs.  IG  and  17.  Described  in  the 
Ohio  Natumlistj  Vol.  I,  No.  4,  p.  60,  Feb.,  19i)l.  The  color  description  is  quoted 
below  . 

*' Length  of  the  abdomen,  about  33  mm..;  hind  wing  about  27  mm.;  black, 
face  and  occiput  green;  prothorax  with  anterior  margin  and  three  spots,  green 
or  yellow ;  thorax  green  with  spaces  at  base  of  winj^s,  lateral  suture  and  six  bands 
before,  black;  the  two  middle  binds  are  abbreviated  anteiiorly  and  separated  by 
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the  mid-dorsal  carina,  vhich  is  very  feebly  green.  Abdomen  black,  a  dorhal  band 
and  sides  of  first  two  or  three  segments  yellowish;  a  yellow  spot  at  base  of  each 
of  segments,  four  to  seven;  and  sides  of  8  and  9,  usually  yellowish.  *  •  • 
This  is  Gomphus  sp,  Williamson,  Dragonflies  of  Indiana,  p.  294."  This  species 
is  most  closely  related  to  abbreviatus,  which  species,  however,  is  not  known  west  of 
the  mountains.  From  brevis^  another  close  relative,  which  has  been  taken  in 
western  Pennsylvania,  it  may  be  separated  at  sight  by  the  green  face,  the  face  in 
breuis  being  sharply  marked  with  black. 

12.  Oomphus  descripius  Banks  should  be  dropped  from  the  Indiana  hypo- 
thetical list.  It  was  recorded  from  Illinois  on  an  erroneous  determination.  The 
species  has  not  been  recorded  wett  of  the  mountains. 

13.  Mr.  Tough,  in  a  recent  letter  kindly  calls  my  attention  to  an  error  in  the 
description  of  Qoniphis  dilaiatuSf  p.  286,  Dragovjiies  of  Indiana,  Second  line  from 
bottom,  for  apical  read  basal.  Mr.  Tough  reports  taking  two  males  of  this  species 
in  Illinois,  and  one  of  these  has  a  small  but  distinct  yellow  basal  spot  on  the 
eighth  abdominal  segment.  The  few  specimens  I  have  seen  oi  .ditalatus  have  had 
eight  immaculate  above. 

14.  QomphuA  segregans  Needham  is  a  synonym  of  Gomphwt  apinieeps  Walsh. 
15    On  June  17,  1901,  at  a  ripple  near  the  Clover  Leaf  railroad  bridge  over 

the  Wababh  River  at  Bluffton,  I  took  Gamphus  fratemuxy  G.  erasaiuit  and  Pro- 
gomphua  obscurus.  P.  obscuru.^  was  the  most  abundant  and  G.  crassus  the  rarest. 
The  next  day  at  the  same  ripple,  at  the  same  time  of  day,  under  conditions  which 
to  me  seemed  the  same  as  the  day  before,  I  took  G.  graslinellusj  G.  eraanu  and  P. 
obscHrus.  But  G.  fraternus  was  not  seen,  and  G.  pra/j/ine//»t8,  not  seen  on  the  17th, 
was  the  commonest  ppecies  of  the  three  on  the  18th.  Specimens  of  the  four  species 
were  all  bright  and  clean,  not  at  all  worn.  The  why,  whence  and  whither  of 
imago  Gomphi  is  a  puzzle.  On  both  these  dates  in  the  crowded  willow  herbs  at 
the  ripple  Argia  pvtridaj  npicalis,  tibialis^  sedida  and  riolacca — the  five  ^rptas  known 
for  the  State — were  pairing. 

16.  During  the  seaBon  of  1901  Progomphun  obscurux  was  observed  at  Blufi^ton, 
June  17  and  18  ;  Tippecanoe  River,  near  Warsaw,  June  23  and  30;  Chapman 
Lake,  June  30,  where  half  a  dozen  exuviae  were  gathered  on  the  sand  beaches 
near  the  water's  edge;  old  canal  feeder  and  St.  Joseph  River  near  Ft.  Wayne, 
July  19. 

17.  An  exiivia  of  Hageniiis  hrevistylm  was  collected  from  a  pile  in  Tippecanoa 
River,  June  23,  1901.  On  June  30  Mr.  Kennedy  took  an  imago  along  the  river, 
and  on  the  same  date  several  were  seen  in  a  second  growth  brunh  lot,  flying 
leisurely  about— if  no  insect  collector  was  in  striking  distance— and  frequently 
alighting  on  twigs,  slumps  or  an  old  rail  fence. 
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18  During  the  summer  of  1901  Boyeria  vinoaa  was  not  rare  in  the  low  woods 
ahout  the  Biological  Station  at  Winona  Lake.  Students  collected  a  large  number 
of  njmphs  of  all  siies  at  Turkey  Lake,  Julj  19,  1901. 

19.  A  single  ezuvia  of  Bamcie»ehna  Janata  was  found  along  the  Tippecanoe 
River  near  Warsaw,  June  23,  1901,  identified  by  Professor  Needham. 

20.  On  August  24  and  25,  1901,  Mr.  Kennedy  and  myself  collected  several 
males  of  Aeschna  clepsydra  at  Shriner  Lake,  Whitley  County.  This  makes  the 
Shrioer-Kound  Lake  list  number  47  species.  As  observed  on  these  two  days, 
clepsydra^  as  his  brighter  color  pattern  would  indicate,  is  a  more  dashing  fellow 
than  his  common  congener  eonatrxeia. 

21.  Macromia  illinoitnm  Walsh.  Wabash  River,  Bluffton,  June  20,  1901; 
Tippecanoe  River,  near  Warsaw,  June  23,  1901;  old  canal  feeder  and  St.  Joseph 
River,  near  Ft.  Wayne,  July  19  and  August  11,  1901.  Maaromia  tacniolata  Ram- 
bur.  Old  canal  feeder  and  St.  Jot»eph  River,  near  Ft.  Wayne,  July  19  and 
August  11,  1901;  associated  with  Ulinoien»iSf  taeniolala  being  the  most  numerous. 
This  large  dragonfly,  floating  idly  or  cutting  through  the  air  without  apparent 
efibrt,  always  flashing  the  sunlight  like  darts  from  glimmering  wings  and  metallic 
body,  can  not  fail  to  draw  the  interest  and  admiration  of  any  idle  observer  who 
may  wander  along  its  haunts.  Its  alertness  usually  brings  dismay  to  the  c  )llector 
who  has  waited  patiently  in  waist-deep  mud  and  water  for  its  coming,  and  whose 
deep  and  fervent  reproaches  follow  the  beautiful  form  as  it  sails  away,  first  tree- 
top  high,  then  skimming  the  water  with  its  strong  front  wings,  in  pure  derision  of 
the  impotent  wretch  who  plotted  so  clumsily  against  its  life. 

22.  During  the  whole  of  July,  1901,  and  possibly  later,  Epicordulia  princcps 
was  on  the  wing  alonp:  the  reed-grown  shores  of  Winona  Lake.  This  species  spends 
more  hours  per  day  on  the  wing  than  any  other  species  in  Indiana.  In  the  gray 
twilight,  before  sunrise,  while  the  black  bass  were  noisily  gathering  their  break- 
fasts in  the  shallow  water,  as  we  sat  in  the  boat  casting  to  right  and  left  with  an 
indigestible,  hook-enshrouded  minnow,  prineep*,  misty  and  indistinct,  floated 
by.  After  sunset,  when  we  went  to  the  shore  with  the  shotgun  to  snapshot  at 
bats,  there  he  was  again,  out  over  the  water,  hurrying  along  in  the  gathering  dusk 
as  though  his  day  were  not  yet  completed. 

23.  On  September  3,  1901,  at  an  old  gravel  pit  near  Blufl\on,  I  observed 
Sympetrum  vieinum  ovipoHiting.  The  male  held  the  female  by  the  head  as  they 
hovered  a  minute  in  front  of  a  curtain  of  algae,  formed  by  a  mass  of  the  plant 
clinging  to  the  edge  of  an  old  plank  as  the  water  had  become  lower  in  the  pit. 
This  curtain  was  about  nine  inches  high,  the  lower  edge  of  it  trailing  in  the 
water.     The  dragonflies  moved  swiftly  forward  and  the  abdomen  of  the  female 
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was  tapped  quickly  against  the  curtain.  At  ODce  they  moved  backward  and 
downward,  and  the  female  struck  the  water  with  her  abdomen.  Then  thej  rose, 
again,  hovered  a  moment  a  few  inches  in  front  of  the  curtain,  and  repeated  the 
performance.  After  some  time  they  separated  and  alighted  among  some  cat-taiii. 
growing  near.  Oviposition  was  not  interrupted  by  copulation.  Part  of  thia. 
curtain  of  algae  was  collected.  Portions  of  it  were  literally  piled  up  with  the- 
dragonflies'  eggs.  Doubtless  some  of  the  eggs  were  washed  from  the  abdomea 
into  the  water,  but  the  majority  were  placed  on  the  algae.  Eggs  had  been, 
placed  at  the  top  of  the  curtain,  but  this  had  become  thoroughly  dry.  Females^ 
which  I  saw  ovipositing  were  placing  the  eggs  two  or  three  inches  above  the; 
water  where  the  curtain  was  very  damp.  The  hatching  of  the  egg,  and  possibly^ 
the  first  moult  of  the  nymph,  takes  place  on  this  curtain. 

24.  Though  the  subject  of  Odonate  copulation  has  been  considered 
by  many  authors  with  "pr«»8que  toujours  une  description  detail^e  et  souvent 
poetique,"  I  have  been  unable  to  find  any  statement  concerning  the  filling  of  the 
seminal  vesicle  of  the  male  dragonfiy,  other  than  that  this  takes  place  before  copu- 
lation. In  the  case  of  Calopteryjr^  Anjia  and  EncUlagma^  where  I  have  been  able  to 
make  positive  observations,  the  male  fills  the  seminal  vesicle  at  once  after  he  has 
captured  the  female.  It  seems  probable  that  during  the  wild  flight  of  mating 
Ae»chnas  and  some  of  the  gomphines  (I  have  noticed  especially  Dromogomphua 
spoliatuff)  the  seminal  vesicle  is  being  filled,  and,  this  accomplished,  the  pair  come 
to  rest  in  tree-top,  on  the  ground,  or  where  not,  and  copulation  takes  place. 
The  Anisoptera,  which  I  have  observed,  do  not  copulate  while  fiying,  if  they  are 
undisturbed. 
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EXPLANATION  OF  PLATE. 


1.  Argia  tran^lata  Hagen.     Ohio  Pyle,  Pa.,  September  8,  1901,  J.  L.  Graf. 

Lateral  view  of  cT  abdominal  appendages. 

2.  Herpetogomphui  deaifftuUm  Hagen.     Portion  of  right  wing;  /,  triangle;  t,  in- 

ternal triangle ;  a,  anal  vein  (or  postcosta);  b,  first  branch  of  anal  vein  ; 
c,  second  branch  of  anal  vein;  p,  post-anal  cells  (middle  poet  coetal 
space) . 

3.  Ophiogomphus  rupinsuUnsU  Walsh.     Portion  of  right  wing.     Lettering  same 

as  for  fig.  2. 

4.  Oomphua  spicatua  Hagen.     Portion  of  right  wing.      Lettering  same  as  for 

fig.  2. 
-5.     Oomphus  vUloaipes  Selys.      Portion  of  right  wing.      Lettering  same  as  for 

fig.  2. 
•6.     Oomphua  Bcudderi  Selys.      Portion  of  right  wing.      Lettering  same  as  for 

7.     Lanthva  allnatylua  Selys.     Portion  of  right  wing.     Lettering  same  as  for 

fig.  2. 
8  and  9.     EnaUagma  doubUdayi  Selys.     Provincetown,  Mass.,  August  4,  1899,  J. 

E.  Benedict.     Lateral  and  dorsal  views  of  (^  abdominal  appendages. 
10  and  11.     EnaUagma  asperaum  Hagen.     Conneaut  Lake,  Pa.,  August  18,  1899, 

D.  A.  Atkinson.     Lateral  and  dorsal  views  of  (^  abdominal  appendages. 
12  and  13.     EnaUagma  calrerti  Morse.     Sheep  Creek,  Wyoming,  August  6,  1899, 

R.  B.  Williamson.     Lateral  and  dor8al  views  of  (^  abdominal  append- 
ages. 
14  and  15.     EnaH(vjnxa  cyathigernm  Charpentier.     Sheep  Creek,  Wyoming,  August 

6,  IS99,  E.  B.  Williamson.     Lateral  and  dorsal  views  of  r^  abdominal 

appendages. 
1«.     Qomphnu  viridifrons  Hine.     Ohio  Pyle,  Pa.,  June  25,  1900,  E.  B.  William- 

son.     Lateral  view  of  ^T'  abdominal  appendages. 

17.  Qomphiift  ciridifromt  Hine.     Ohio  Pyle,  Pa.,  June,  1900,  E.  B.  Williamson. 

Vulvar  lamina. 

18.  Qomphm  hrevU  Selys.     Ohio  Pyle,  Pa.,  June  24,  li^OO,  E.  B.  Williamson, 

Lateral  view  of  (^  abdoiiinal  appendages. 

19.  Gamphus  brevis  Selys.     Ohio  Pyle,  Pa.,  June  28,  1900,  K.  B.  Williamson. 

Vulvar  lamina. 
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PLATE  I. 
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C.    Flora  of  Eagle  Lake  and  Vicinity. 
H.  Walton  Clark. 

The  work  embodied  in  tlie  following  report  was  accomplished  by  the 
writer,  assisted  by  Mr.  Charles  M.  Bit,  during  the  summers  of  1899  and 
1000,  under  the  auspices  of  the  Indiana  University  Biological  Station.  The 
purpose  of  the  worl£  is  to  present  a  study  of  Eagie  Lake  as  a  unit  of 
environment  as  regards  plant  life,  and  the  special  line  of  investigation 
was  that  of  the  various  plant  aggregates  of  the  lake,  including  their  rela- 
tions to  each  other  and  to  that  body  of  water.  Many  thanks  are  due  to 
Dr.  C.  H.  Eigenmann,  Director  of  the  Station,  and  to  Dr.  Mottier,  Head 
of  Department  of  Botany  of  the  the  Station,  for  assistance  In  suggesting 
and  mapping  out  lines  of  work. 

As  regards  the  plan  of  the  work,  it  will  be  helpful  to  the  reflder  to  bear 
in  mind  that  the  survey  of  the  area  studied  was  made  in  a  series  of  con- 
centric rings,  beginning  at  the  northeast  corner  of  the  region  described, 
that  is,  at  the  laboratories,  and  starting  southward.  All  descriptions  have 
this  beginning  and  sequence,  and  the  sides  of  the  lake  are  described  in  the 
following  order:    (1)  east  side,  (2)  south  side,  (3)  west  side,  (4)  north  side. 

Eagle  I^ke  is  one  of  the  many  small  lakes  of  northern  Indiana  which 
occupy  depressions  in  the  surface  of  the  glacial  drift.  It  is  somewhat 
irregular  in  outline,  and  consists  of  a  large  main  body,  a  somewhat  narrow 
neck  or  channel,  and  a  large  bay  at  the  west  end.  According  to  Mr. 
Large,  who  made  a  survey  of  the  lake  several  years  ago  (Proceedings  Ind. 
Acad.  Sci.,  189f)),  the  area  of  the  lake  is  about  0.807  square  mile. 

Before  entering  into  a  detaiit*d  description  of  the  lake  and  its  flora, 
however,  it  may  be  well  to  consider  briefly  the  surrounding  country. 
This  description  of  the  region  surrounding  the  lake  is  not  intended  to  be 
exhaustive;  It  is  simply  presente<l  as  a  sort  of  fninie  for  the  picture  of 
the  lake  itself.  The  whole  region  from  the  lake  shore  to  and  including 
characteristic  portions  of  the  high  gromid  beyond  the  limits  of  the  lake 
plain,  moreover,  not  only  r(»presents  a  sort  of  unit  area  in  itself,  but  at 
the  same  time  includes  an  Interesting  variety  of  conditions  and  furnishee 
interesting  bits  of  well  markeil  biological  areas  that  are  to  be  found  on  a 
large  scale  elsewhere,  but  which  here  in  their  limited  size  ofTer  very  favor- 
able opi>ortunities  for  study. 

Eagle  Lake  and  Its  plain  are  nearly  surrounded  by  a  ratner  abrupt 
terrace  of  yellow  sand,  which  rises  at  varying  distances  from  the  lake 
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shore  and  beyond  which  extends  the  undulating  upland,  forming  the 
characteristic  topography  of  the  region  in  general.  In  only  three  rather 
narrow  points  does  the  terrace  approach  very  near  to  the  water's  edge. 
These  places  are  (1)  along  the  northern  part  of  the  lake,  near  the  northern 
end  of  the  Assembly  grounds,  (2)  at  the  place  known  locally  as  Yamelle's 
landing,  or  Yarnolle's  point,  and  (3)  near  the  outlet.  At  all  other  places 
it  recedes  from  the  lake,  leaving  a  large,  level,  lake  plain.  The  rampart 
of  hills,  or  terrace,  is  cut  through  in  three  places:  (1)  CheiTy  Creek  valley, 
(2)  the  valley  of  Clear  Creek,  and  (3)  at  the  outlet.  In  the  direction  of 
Warsaw  there  is  a  long  stretch  of  low  ground,  the  exact  natural  limits 
of  which  it  is  impossible  to  define  on  account  of  many  artificial  changes, 
but  which  contains  Market-street  pond,  an  interesting  body  of  water,  and 
extends  farther  on  toward  the  lakes  on  the  other  side  of  Warsaw,  such  as 
Pike  Lake.  Center  I^ike  and  others. 

Along  the  southeast  and  south  shore  is  a  high,  narrow  ice  ridge  be- 
tween the  lake  and  the  lake  plain.  The  ice  ridge  is  present  elsewhere 
also,  but  is  nowhere  else  so  plainly  marked.  Fig.  1  shows  a  bit  of  old 
tolerably  well  markeil  ice  ridge  in  this  region. 

In  the  discussion  the  regions  about  and  including  the  lake  will  be  noted 
In  the  following  order:  (1)  The  terrace  and  upland,  along  with  the  gullies 
through  them.  (2)  The  lowland  lK»tween  the  terrace  and  the  lake,  con- 
sisting of  lake  plain  and  lowland  forest.  (3)  The  lake  shore  and  belt  of 
shore  plants.  (4)  The  ponds  and  bayous  belonging  to  the  lake  plain.  (5) 
The  belt  of  mnrsli  plants  (plants  with  emersed  leaves),  and  of  short- 
stemmed  aquatics.  ((►)  The  belt  of  long-stemmed  aquatics.  In  the  general 
discussion,  simi)ly  typical  species  will  be  mentioned.  The  lake  plants 
proper  will  hv  discussed  more  thoroughly  later. 

The  tcrrarc  is  composed  of  a  y(»llow  s;ind  with  an  admixture  of  some 
clay.  The  sloi>o  from  tlio  lake  plain  is  occasionally  gradual;  always,  how- 
ever, tliri-c  is  finally  a  rather  steei)  and  bluflfy  ascent.  At  Yarnelle*s  point 
there  is  no  gradual  sloi>e  at  all.  but  the  bank  rises  sheer  from  the  water's 
edge. 

TIIR  rPLANl).  In  tlie  state  of  nature  tlie  upland  is  covered  with  a 
forest  of  sucli  trees  ns  the  various  oaks  and  hickories,  some  walnuts,  a 
few  tulip  trees,  wild  cherrj\  ash  and  elm.  In  some  cases  there  is  no  under- 
growth of  shrubs,  and  verj'  little  grass  or  herbs,  as  the  forest  floor  Is 
covered  witli  a  thick  carpet  of  dried  leaves.  At  other  places,  especially 
near  the  sides  of  gullies,  there  is  an  undergrowth  of  such  shrubs  as  prickly 
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ash,  raspberry  and  blackberry,  some  hopJroo  [Ptvha)  and  witch  hazel, 
while  the  forest  tloor  is  covered  witli  a  cari>et  of  comhion  bladder  fern. 
Cystopteris  fniffilis,  some  maiden-liair  fern  (not  very  <'ommon).  Indian  tur- 
nips, wood  rush,  various  jj^aliums.  i>inlvs.  may-ai)ples.  hawliweeds,  wood 
sunflowers,  ticlv  trefoils,  and  so  on.  Annchhi  is  alnmdant  in  some  places. 
In  other  places  are  a  few  scattered  i>atches  of  Sahbatia  amjularis^  frost- 
weed,  pinweed  and  UvputUa  hvimtlva,  the  round-lobed  liver  leaf.  This  is 
the  predominant  species  of  the  jrenus  liere;  in  fact,  tlie  only  species  the 
writer  has  seen  at.  all.  while  in  otlier  parts  of  the  State,  except  in  Marshall 
County,  tile  only  sp(Hics  tlie  writer  lias  seen  was  //.  uvuta.  In  a  hasty  tiip 
to  Chapman's  Lal\e.  not  far  from  Kajjcle  Lake,  plenty  of  Hcpaiiva  acuta  was 
seen  an<l  no  //.  hi  put  int.  (At  Chapman's  Lake,  too,  Jmpatativns  pallida  was 
the  only  sjiecies  seen.     At  Eagle  I-Jike  I  liavt*  seen  only  /.  fiilva.) 

tiinnlrsinofi  thalictntiihs,  whirh  is  usually  regarded  an  early  spring 
bloomer,  tiowers  octasionjilly  in  late  summer  in  various  forests  near  the 
lake.  During  the  summer  of  1.S1K>  a  si)e<-imen  was  found  in  the  woods 
soutli  of  Cherry  Creeix.  about  one-half  mile  from  the  lake,  in  flower  in 
August.  In  11KM»  a  plant  was  found  in  full  bloom  June  1*1>.  over  near  the 
Pennsylvania  railroa<l.  and  another  <m  July  r><).  up  Clear  Creek  ravine. 

Toward  the  foot  of  some  of  tlie  hills,  and  in  rather  open  simces.  is 
found  an  abumhince  of  such  plants  as  the  black  huckh'berry  {(laiflussavia 
rcsinosa).  niubein  foxglove,  downy  false  foxglove,  wild  flax,  frostwinnl.  and 
in  some  places  Fnisvnt.  Here,  too,  is  an  abundance  of  dense  tufts  of 
various  mosses,  wliile  a  small  cup  lichen,  Cladonia,  covers  the  earth 
witli  a  continuous  gray  mantle.  Toward  tin?  outer  edge  of  the  forest 
and  at  the  foot  of  the  hills  is  a  sparse  growth  of  wild  oat  grass  and 
Fimhristiflis. 

The  heavy  forest  southeast  of  tlie  lake  contains  about  the  same  species 
of  trees  as  those  meiiiioiicd  above  as  characteristic  of  the  hill  forest. 
Her<»  is  a  largr  number  of  introduced  plants,  as  motherwort.  ])urdock.  and 
sweet  briar  rose.  The  forest  near  Yarnelle's  point  contains  a  basin  where 
pin  oak  is  nlm(»st  the  only  spr«ies.  while  in  the  forest  near  the  outlet  there 
is  coral  ro<»t  in  considerabh*  abundance*.  There  is  an  abundance  of  fungi 
in  all  the  fon»sts.  of  Aryxomyretes,  lioleti  and  various  Agarics. 

In  crrtaiii  places  the  forests  have  Ikh'U  removed  from  the  hills,  where 
it  lias  Imm'11  left  to  grow  up  again  without  aijparently  having  ever  been 
cultivat<Ml  much;  we  have  a  growth  peculiar  to  such  places  everywhere. 
In  one  such  region  sas.safras,  not  fretpiently  to  be  met  Avith  in  the  native 
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forest,  has  taken  the  place  and  grows  so  thickly  as  to  shade  out  all  under- 
growth except  a  few  spindly,  discouraged-looking  plants  of  red  8orrti» 
,Rumex  avetoseUa.  The  lower  leaves  of  this  copse  of  sassafras  took  on  beau- 
tiful autumnal  coloration  quite  early  in  1900.  It  was  quite  noticeable 
toward  the  end  of  July.  Other  parts  of  this  once  cleared  place  are  covered 
with  a  thick  sod  of  Kentucky  blue  grass. 

There  is  also  in  the  region  just  described  (east  of  the  lake)  a  sparse 
growth  of  scrubby  oaks  with  clumps  of  raspberry  and  blackberry  and  wild 
grapes  here  and  there. 

The  Russian  mulberry  has  established  itself  here  and  forms  an 
abumiant  sprinklinj^  tlu'ough  the  coi>se.  The  trees  have  in  all  probability 
sprung  from  seoil  scatteroil  by  birds.  A  peculiarity  of  this  place  is  the 
tendency  of  plants  of  one  species  to  form  continuous  patches  to  the  exclu- 
sion of  almost  everything  else.  The  sassafras  has  been  cited  as  an  ex- 
ample of  this.  One  finds  here  and  there  a  large  bright  green  spot  where 
dewberry  vines  have  crowd(Hl  out  everything  else.  In  other  spots  large 
patches  of  common  five-finger  (Potcntilla  canadnisr),  in  others  Steironema 
ciliatujJL  and  in  otliers  of  prostrate  tick  trefoil  cover  the  ground  exclu- 
sively. 

WluTe  the  groun<l  has  been  wholly  cleared,  and  cultivated,  and  then 
abaiulone<l.  we  have.  l)esides  the  ever  present  ragweed  and  Chenopodium, 
such  rosette  plnnts  as  mullein,  pasture  thistle,  and  Canada  thistle.  Pepper 
gi-ass  is  abundant,  shepherd's  purse  scarce.  There  is  also  an  abundance  of 
such  mat  plants  as  i)urslane,  oarpotweed,  and  spreading  spurges.  Species 
of  7;/Y/r/?o.s//.v  s]>reji(l  out  In  the  form  of  mats.  Crabgrass  is  abundant,  and 
where  the  grf)nn(l  is  cultivated,  one  of  the  most  persistent  and  annoying 
wetHls.     Kuphorhia  corrolatti  is  jjartieulnrly  abundant  and  conspicuous. 

The  gullies  and  immediately  adjacent  forests  have  a  fiora  of  their  own 
somewhat  different  from  tlie  rest.  Tlie  gully  of  Cherry  Creek  is  a  broad, 
level,  swampy  tract  of  country,  covered  with  willows.  se<lges,  skunk  cab- 
bages and  various  otlier  marsh  plants.  It  has  a  mucky  soil,  and  resembles 
an  extension  of  tlie  lake  plain. 

Along  the  sides  of  this  gully  is  considerable  underbrush  in  the  forest. 
There  are  plenty  of  such  small  trees  as  juneberry,  flowering  dogwood, 
iron  wood,  water-beech  and  haws,  and  such  shrubs  as  hop-trees  {Ptclea), 
witch  hazel,  l>laddernnt.  and  so  on.  Far  up  the  gully  is  a  specimen  of  the 
laurel-leaved  oak.  Qucrcus  imbricaria,  and  one  of  alternate-leaved  dog- 
wood, neither  of  which  are  particularly  common  in  the  region.    At  the  foot 
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of  the  hills  are  a  few  ferns,  lady-fern,  maiden-hair  and  brittle  bladd^ 
fern  {V.  fnujiUs).  In  general,  however,  the  delicate  wood  ferns  are  not 
abundant  in  this  region.  Mittlla  diphyUn  fringes  the  slope  of  the  hills 
here  and  there.  Hoth  in  this  gully  and  at  places  in  the  lake  plain,  as  the 
southern  end  of  the  Assenil)ly  grounds,  are  soggy  hills  covered  with  a 
growth  of  sfHlges,  sliru!>t>y  live- linger,  gi'ass  of  parnar-sus,  and  so  on. 
Numerous  springs  issue  from  tliese  liills.  In  the  bottom  of  the  gully,  and 
near  the  creelv  itself,  is  an  abundance  of  swampy  gi-ound,  with  Sagittarias 
and  other  marsli  plants.  Here  is  an  abundance  of  the  liverwort,  Cono- 
cephahis. 

One  dry  hillside  along  this  gully  is  completely  covered  with  hounds- 
tongue.  The  hillsides  from  which  springs  issue  bear  in  places  large  patches 
of  horse-mint  (Monania  fistulosa)  and  are  made  purple  in  August  by 
masses  of  iron- weed  in  bloom. 

The  upper  part  of  the  gully  of  Clear  Creek  is  different  both  in  appear- 
ance and  tiora  from  that  of  Cherry  Creek.  Here  the  creek  cuts  its  way 
through  hills  of  sand  and  gravel.  The  bottom  of  the  tolerably  wide  gully 
is  mostly  sandy  soil,  and  the  creek  bottom  is  solid  and  often  contains  sand- 
bars and  gravel-banks.  The  different  slopes  have  a  somewhat  different 
flora.  There  are  a  few  large  l^asswood  trees,  and  some  beech  and  a  few 
box-elder  on  the  east  side.  On  the  slope  on  this  side  are  found  rock  cress, 
Blrphilia,  nettles,  lieecli-drops,  and  so  on.  On  the  west  side  of  the  gully 
were  found  spice  bushes.  Cvlastrus  ftcan(1«'n.'i,  or  climbing  bitter-sweet, 
hedge  hyssop,  tall  scouring  rushes,  blood-root,  celandine  poppies,  re- 
mains of  trillium,  wood  anemones,  dutchman's  breeches,  and  the  like. 

The  sides  of  the  outh»t,  where  there  is  a  broad  marshy  region  without 
any  pronounced  gully,  showed  no  plants  different  from  those  common  to 
the  region,  except  there  was  an  especial  abundance  of  the  reindeer  lichen. 
Cladouia  ran  infer  in  a.  Tiiere  is  here  a  broad,  densely  overgrown,  swampy 
tract,  full  of  willt^ws. 

At  different  places  between  the  sand  hills  and  the  lake  are  the  low 
ground  forests,  tlie  bottoms  of  which  seem  to  be  slightly  higher  than  the 
surface  of  the  lake  plain  itself.  One  of  these  forests  is  to  be  found  in  the 
vicinity  of  tlie  laboratories  and  anoth(*r  down  along  Clear  Creek.  This 
forest  differs  consi^lerably  from  the  high-ground  forest  in  both  soil  and 
vegetation.  The  soil  is  a  rich,  black,  sandy  loam.  The  trees  are  burr  oak, 
ash,  aspen,  willow,  elm,  plum,  and  so  on.  At  the  junction  between  the 
low- ground  and  high-ground  forc^sts  we  have  at  one  place,  near  Chicago 
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Hill,  a  chiiiip  of  rwl-bud  troes.  At  another,  on  the  border  line  between 
the  upland  and  lowland  forest,  the  ground  is  thieklj-  covered  with  ground 
ivj',  yc/tvtn  ffJeh'howa. 

Here  in  the  low-j^ronnd  forest  we  have,  especially  in  the  first  forest 
mentioned  (that  near  the  laboratories),  a  dense  undergrowth  of  hazel-nut, 
prickly  ash,  hop  tree  and  many  otiier  shrubs,  8o  that  the  wood  was 
somewhat  ditticult  to  pass  through.  The  forest  tloor  is  also  thickly  cov- 
ere4l  Avith  a  quite  dense  growth  of  vines  and  tall  weeds  of  numerous 
species,  among  which  may  be  mentioned  virgin's  hower  (Clewatis  rirgin- 
iana).  gi*ape,  hop.  s[»otted  touch-me-not,  false  nettle,  American  bell  flower, 
great  blue  lobelia  and  cardinal  flower,  rice  cut-gi*ass.  and  many  other 
such  plants. 

The  low-ground  forest  in  the  viriniiy  of  the  laboratories  was  much 
mo<lifled  during  tlie  summer  of  11MK>.  as  a  good  deal  of  the  underbrush  was 
removetl.  In  all  cases  it  goes  entirely  down  to  the  fringe  of  willows 
which  grows  at  the  edge  of  the  lake. 

Tlie  sfH'ond  low-ground  forest,  at  the  southern  or  west  of  southern  side 
of  the  lake,  not  far  from  the  region  of  Clear  Creek  mouth,  consists  of 
nearly  the  same  sort  of  trees  as  the  (»th«M*.  l)ut  the  ground  is  rather  more 
marsliy,  Idatk  and  level,  and  the  vegetation  of  the  forest  floor  is  of  a 
somewliat  ditterent  sort.  There  are  more  soft  maples  and  large  willows 
here,  and  lizard's  tail  is  a  characteristic  plant.  A  small  part  of  the  shore 
is  sandy  here,  and  tliore  is,  l)etween  tlie  hike  shore  and  the  low  ground, 
ba<k  from  tlio  lake,  a  liigli.  narrow  ice  ridge,  four  or  tive  feet  wide  and 
breast  lil^^ii.  and  «|uite  sUm-jj  <»n  each  side.  There  are  tole^nible  good  ice 
ridges  in  oHhm*  i)laees.  as  south  of  (Miicago  Hill  i>ier  a  little  way,  shown 
in  Figure  '2  (Fig.  '2  shows  lake  plain  on  tlie  left  witli  willows  on  the  ice 
ridge  on  the  rigid  i.  and  ovi'r  by  Yarin^lle's  point,  but  tliesi*  are  not  nearly 
so  well  marked. 

Tlie  greater  ]>art  of  tlu^  country  bi'tweeii  the  lake  ami  the  hills  is  a 
flat,  level.  iiiea«iow-like  tract,  forming  tlie  Lake  idfiin.  'I'he  soil  of  this 
l>laiii  is  geiun-ally  of  a  ])lack  or  brown  muck,  with  plenty  of  marl  in  plac»es. 
I>itclies  dug  tlirongli  it  reveal  an  abundam-e  of  gaster()p(Kl  shells,  mjtny  of 
them  yet  entire  ])ut  very  fragile,  and  many  of  them  broken.  Thest*  attest 
the  former  exist<'nce  of  the  lake  over  the  lake  i>lain. 

Traditions  of  old  settlers  refer  to  a  time  when  the  lake  shore  came  up, 
in  places  at  least,  to  the  foot  of  the  liills.  One  such  tradition  refers  to 
the  hike  reacliiiig  the  base  of  the  hill  known  as  Hamilton  Mound,  and  the 
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date  assi^iiert  Is  about  lS,3i>.  It  is  not  reported  whether  this  was  simply 
the  result  of  a  teiui)orary  flocxl  or  a  constant  condition.  The  area  of  the 
surface  is  sul)je<'t  to  (juite  nuirked  variation  at  present.  possii)ly  more  so 
than  before  the  removal  of  niucli  of  the  surroundinij  forest.  The  Govern- 
ment Survey  shore  line  of  1K:W  lies  at  places  considerably  outside  present 
maps  of  the  lalvC.  Mr.  Lar^e  expresses  his  oi>inion  that  it  perhaps  marked 
the  limit  of  the  swampy  ground. 

In  apiH^arance  and  vegetation  the  various  i>arts  of  the  lake  plain  differ 
considerably  from  each  other.     In  some  places  the  soil  is  a  reddish  or 
brownish  muck,  in  otlier  places  it  is  a  blackish  soil.     In  some  parts  it  is  a 
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sedj^y,  f(M*ny  hh'jhIow.  in  otiiers  it  is  covertnl  with  a  dense  growth  of  bushes, 
as  clumps  of  willow.  ('rphalanthns  and  Corniis.  There  seem  to  l>e  indica- 
tions, lujwcvcr.  that  it  was  on<e  nearly  alike  in  vegetation,  and  that  the 
sedgy.  f(M*iiy  mca<low  has  been  cleared  off  by  artificial  means.  One  indica- 
tion of  this  is  that  we  liavc  wholly  difTcr<»nt  regions  on  different  side<<  of 
fencers.  on(»  side  of  the  fence  being  bushy,  and  tlu*  other  covered  with 
sedges,  grasses  and  ferns  only.  In  one  place  where  there  was  such  a  level 
meadow,  a  few  «lead  willow  sprouts  w<m*(»  noticed.  Examination  revealed 
that  they  were  chaiTed  about  the  roots  and  had  probably  been  killed  by 


136 

fire,  which  had  pa88<Kl  through  and  left  the  ground  rough  and  tussoeky. 
Between  this  meadow  ju»t  described  and  the  lake,  near  the  lake  shore, 
were  plenty  of  low  bushes,  which  had  probably  been  saved  by  the  prox- 
imity of  the  lake  ftnd  jxwsible  resulting  saturation  of  the  ground,  or  more 
probably  by  the  amount  of  sand  in  the  low  ice  ridge  ui)on  which  they  grew. 
A  few  characteristic  portions  of  the  lake  plain  will  be  described  in  order: 

(1)  At  the  Assembly  grounds,  Avhere  the  hike  plain  was  once  quite 
broad,  it  has  been  modilied  by  filling  in.  and  by  the  construction  of  base 
ball  grounds  and  race  track.  This  portion  is  now  a  level  field  overgrown 
with  grass. 

(2)  The  i>ortion  of  the  lake  plain  Iwrdering  on  the  southern  end  of  the 
Assembly  grounds  was  once  brushy  like  the  portion  next  to  l>e  descTibed 
now  is,  but  the  brush  has  been  dearcnl  off.  At  present  it  is  a  level  tract, 
covered  thickly  with  sedges  and  ferns.  Toward  midsummer  it  is  made 
purple  in  patches  l>y  the  blossoms  of  loosestrife,  Lythriim  alatuni.  Later 
in  the  year  there  is  a  zone  of  blue  about  the  height  of  one's  head  from  the 
many  blossoms  of  tall  blue  vervain,  while  later  still  the  ground  is  yellow 
in  places  with  blossoms  of  the  cone-fiower  or  black-eyed  susan.  which 
grows  in  great  abundance  here,  and  blossoms  (luite  late  in  the  season. 

Farther  on  down,  near  the  Biological  Station,  the  lake  plain  is  more  in 
its  natural  condition.  Here,  at  the  foot  of  the  hills,  is  a  belt  of  sensitive 
fern  extending  for  a  good  way  along  the  edge  of  the  plain.  The  whole 
plain  is  pretty  densely  covered  with  low  clumps  of  Cornus,  willows,  Caro- 
lina rose,  and  l»ntton-bush.  An  examination  of  this  region  shows  three 
distinct  formations  of  vegetation.  I'l^on  a  casual  glance  one  sees  very  little 
but  busli(\s.  A  close  examination,  lower  down  toward  the  ground,  will 
show  a  thickish  growth  of  tall  sedges  and  a  few  coarse  grasses,  while  an 
examination  still  nearer  the  surface  of  the  ground  will  reveal  a  growth  of 
slender  prairie  fern.  Tliese  formations  are  shown  to  particularly  good* 
advantage  where  artificial  agencies  liave  l»een  at  work.  Where  the  l)ushes 
only  are  reniove<l.  one  sees  for  the  most  part  simi)ly  a  level  stretch  of  tall, 
narrow-leaved  sedge,  witii  a  few  stalks  of  tall  grass  here  and  there. 
Where  the  grass  has  been  mown  one  sees  an  unbroken  patch  of  feni. 

In  the  vicinity  of  the  laboratories  a  low-ground  fon  st.  already  de- 
scribed, comes  down  entirely  to  tlie  water's  edge.  South  of  this  is  another 
stretch  of  lake  i)lain.  This  plain  is  mostly  devoid  of  bushes,  except  a 
narrow  fringe  along  on  tlie  low  ice  ridge.  It  is  covered  with  sedges,  tall 
grasses  and  an  under-formation  of  marsh  fern.    The  distribution  of  plants 
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In  this  region  is  somewhat  patoliy  in  places.  There  are  seA'eral  areas 
covereil  witli  the  royal  fern.  Osmuttda  reunliH,  at  the  outer  edge,  near  the 
hills.  This  fern  grows  so  thickly  here  that  at  certain  times  the  ripened 
sporangia  give  the  whole  landscaix?  a  brownish  cast.  Toward  the  lake  is 
a  pond  of  considernl)le  size  fiinged  with  cat-tails  and  a  whitish  swlge. 
along  with  FJcinharis  and  i<mjittaria.  Near  the  lake  shor<\  as  has  been 
said,  is  a  fringe  of  willows.  In  this  portion  of  the  i»lain,  diu'iug  the  niontli 
of  August,  the  wand-like  stems  of  blazing  star,  Lacinaria  spicata,  with  long 
spikes  of  violet  purple  flowers,  rise  here  and  there  and  give  a  poculiai' 
effect. 

The  portion  of  the  lake  plain  south  of  the  lake  is  continuous  with  tliat 
just  mentioned  nn«l  extends  to  Clear  Creek.  Along  its  outer  margins  it  is 
much  like  the  portion  Just  descrilie<l--a  setlgj'.  flat  stretch  of  country.  To 
this  during  tlie  late  summer  an  abundance  of  swamp  ndlk-weed  and  joe 
pye  weed  tint  the  whoh'  landscape  a  light  purple.  Near  the  lake  is  a  large 
pond  or  uuirsh  where  grows  in  one  place  great  patches  of  Satjittnria. 
Here  are  the  most  extensive  patches  of  bulrush,  cat-tad.  SiKirnan'mm  and 
CaUtmuM  in  the  vicinity.  Beside  growing  by  themselves  in  places,  these 
plants  also  grow  together  in  other  spots,  forudng  a  mixe<l  flora.  The  soil 
is  more  than  saturatc^l  with  water,  and  is  very  mirj'.  There  are  not  many 
willows  here,  but  just  a  little  distance  west,  near  Ch'ar  Creek,  the  large 
marsh  extends  back  a  long  distance,  and  consists  of  an  almost  impenetra- 
ble Avillow  thicket.  Rack  of  this  willow  thicket  is  a  low-ground  forest, 
already  mentioned.  At  the  extreme  west  end  of  this  marsh  it  becomes 
more  open  and  prniric-like.  and  has  the  appearance  of  having  betMi  burned 
over.  Among  the  tall  stMlges  of  this  place  is  an  abundance  of  such  plants 
as  j)rairie  fern,  prairie  dock  and  n  tick  trefoil  i.Mrihoma  vanadvuHv),  very 
showy  when  In  blonm.  Some  of  the  ground  Is  mossy.  One  large  tama- 
rack with  several  sni.-jlier  ones,  ]>rol)ably  its  se(^llings.  are  growing  here 
isolated  from  oilicrs  of  the  kinti.  The  ground  Is  not  like  that  generally 
found  in  tamarack  swamps. 

At  the  termination  ot  tliis  marsli.  a  Iiill.  lart  of  it  under  cultivation 
and  part  of  It  ui)lMnd  forest,  comes  d(>wn  near  to  the  lake.  From  this 
plae(»  the  liill  Mnd  high-gioun^l  forest  extend  nlong  the  lake  shore  to  some 
distance  lieyond  Varnelle's  point,  and  for  a  space  the  h\k(»  ])lain  and  low 
ground  wliolly  disappear. 

P.eyond  Yarnelle's  landing,  and  near  the  neck  of  the  lake,  the  lake  plain 
begins   again   an<l   broadens   considerably.      Tart    of   the   i)laln    has   btn^n 
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cleared  and  pastured  and  inowu  so  that  little  is  left  but  the  sedges.  Part 
of  it  Is  covered  densely  with  willows.  It  is  not  different  in  appearance 
from  other  portions  of  the  lake  plain,  and  is  different  In  vegetation  only  in 
that  in  the  wet  portion  adjacent  to  the  lake  two  Utricularias  are  found 
amonp:  the  setljres,  one.  r.  vuhjaris  sparsely,  and  probably  left  by  the  lake 
as  it  retreated  after  a  flood,  and  the  other,  U.  intermedia,  forming  a  dense 
and  continuous  mat  over  the  jjround.  Here,  ttx>.  Is  a  large  cat-tall  and 
bur-reed  marsh,  and  the  bottom  of  the  ground  among  these  plants  is 
thickly  covered  with  moss,  a  long,  briglit  green  species.  Wild  senna  is 
abundant  in  this  place.  The  open  plain  continues  until  near  the  outlet, 
where  it  has  never  been  deareil.  and  consists  of  a  dense  willow  thicket. 
The  plain  on  the  western  side  of  the  lake  is  cleare<l,  and-  at  one  place  ex- 
tends through  a  narrow  neck  betAv*M»n  the  hills  for  a  considerable  distance 
from  the  lake. 

The  lake  plain  along  the  northern  shore  is  so  mu<4i  like  that  of  the 
other  part  that  no  detailed  description  need  be  given,  except  to  say  that 
that  imrtion  along  the  ne<;k  of  the  lake,  that  is,  the  western  end,  is  still  a 
willow  thicket,  while  the  remainder  is  clearinl.  In  the  direction  of  War- 
saw, along  the  middle  part  of  the  north  shore  of  the  lake,  the  hills  make 
a  large  loop,  so  that  the  lake  plain  spreads  out  into  a  large  round  bay, 
with  a  narrow  neck  or  channel.  Here  is  one  large  and  many  small  tama- 
rack trees  an<l  many  alders.  The  ground,  however,  is  tolerably  dry  and 
there  is  no  marsh  in  this  region.  One  bunch  of  i^ithaf/iinni  was  found 
growing  high  and  dry  at  the  font  of  the  hills  in  the  sandy  gnmnd,  forming 
a  tussock  around  tlie  bas«»  of  a  tree.  Tlie  ])lain  narrows  as  one  goes  east- 
ward until  tin  liilis  nearly  rea<'h  the  lake  near  the  railroad  station  at 
Winona. 

From  Kagle  Lake,  toward  Warsaw,  <»xtends  an  interesting  stretch  of 
level  ground.  The  surface  is  higher  than  that  of  the  i)lain.  but  it  is 
swampy  and  mucky.  Tart  of  this  Avas  once  an  old  tamarack  marsh:  and, 
alth(»ngh  no  tnnuirjick  trees  remain,  it  still  abounds  in  SpfuKjnum^  choke 
berries,  chain  fern,  hispid  dewberries  and  hnckh^berries.  It  has  prol)ably 
once  been  the  home  of  many  of  tho.^e  interesting  plants  generally  found  in 
tamarack  marsh(\s--  pitcher  plants,  orchids  of  various  species,  cranberries, 
and  perhaps  dros<»ras. 

At  this  place  the  railroad  intersiHMing  the  region  brings  in  its  inter- 
esting accomiKiniment  of  introduct^l  plants.  Among  these  are  Lupinus 
perciiniH,  siinirrel-tail  gi'ass,  Salsola  kali,  and  so  on. 
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Along  the  lake  shore  there  is  in  many  places  a  narrow  fringe  of  willows 
and  (loswomls.  These  probably  once  fonneii  a  continuous  stretch,  but 
have  been  removed  ])y  artiticial  means.  Just  edging;  the  lake,  too,  was 
found,  durinjj:  the  summer  of  1S1M>,  an  abundance  oi  crei^ping  Sclaginella, 
but  it  was  not  nearly  so  abundant  in  IJXK). 

PONDS.— Just  as  the  lake  occui)ies  a  larp:e  hollow  in  the  surface  of  the 
drift,  so  are  hsscr  hollows  in  the  surface  of  the  lake  plain,  and  in  the 
region  surronndinjr  the  lake,  occupied  by  ponds.  In  .*<ome  of  the  shallower 
ponds,  and  those  remote  from  the  lake,  the  supply  of  water  is  temporary 
and  tluvv  are  dry  basins  during  the  drier  parts  of  the  year.  The  iK)nds  are 
exct^e<lingly  variinl  in  api)earance  and  tiora.  and  are  interesting  objects  to 
study.  They  are  i-eally  lakes  in  miniaime,  and  may  represent  future  stages 
of  the  lake  itself.  Lack  of  space,  however,  will  prevent  the  discussion  of 
this  int<M-estinjLr  feature  of  the  repon.  except  to  say  that  their  quiet  wate's 
contain  in  abundance  many  intercstin^jr  a«iuatic  forms  which  are  not  to  be 
found  in  the  lake,  or  which  occur  there  only  in  limited  quantity.  Among 
these  plants  are  the  various  duckweeds.  Ijunia  minor,  L.  trisulca,  Spirodella 
poIi/rJiiza,  Wolffia  volnmhiana  and  11'.  brnzilivnsis,  which  are  to  be  found  in 
the  ponds  and  lagoons  on  the  eastern  side  of  the  lake.  Other  ponds  con- 
tain an  abmulatice  of  liverwort,  two  species.  Jficviocarjiun  natans  and  liiccia 
flnitauH,  being  aluindantly  represented.  Some  of  the  ponds  containing  foul 
wat<T  have  I  triruUirUi  vuhjaris  in  abundance.  Here  the  bladders  are  black 
and  full  of  dark,  solid  dirt,  and  the  plants  blossom  profusely.  This  plant 
is  found  only  scantily  in  the  lake  itself,  and  in  this  situation  the  bladders 
are  empty  and  mon^  or  less  transparent.  The  whole  plant  is  bright  green 
and  I  have  not  seen  it  in  bloss<mi  at  all.  One  of  the  ponds  (Market  street) 
contained  Jinismio  in  abundance,  an«l  it  blossoms  profusely.  A  small 
patch  was  found  in  the  southwestern  part  of  Kagle  Lake,  but  I  have  never 
seen  it  in  bloom  tlnM-e.  One  of  the  ponds  east  of  the  lake  (•(►ntaiued  large 
balls  of  nostoc  in  ^reat  abuntianct'. 

TUB  LAKH  ruoTKK.-l'reparatory  to  the  task  of  mapping  the  vari- 
ous plant  aggre;rates  of  ih(»  lake,  it  was  found  ne<-essary  to  measure  along 
the  shore  line,  and  so  become  acquainted  with  tlie  relative  distance  of 
various  obje<ts.  This  work  was  <l(>ne  (luite  carefully  and  lengthy  notes 
taken  conccM-ning  tlie  nature  of  the  shore.  Stations  were  established  and 
full  descriptions  writteti  of  neighboring  objcM^'ts,  so  as  to  make  their  recrog- 
nition  possible.  This  was  the  most  laborious  and  tedious  part  of  the  work, 
and  not  particularly  fruitful  of  direct  results,  for  of  the  great  mass  of 
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notes  tnkon  the  greater  ininiber  would  be  tedious  and  uiiinstruetive  to  the 
reader.  Tlie  value  of  this  work  was  evident,  however,  during  ererj'  suc- 
ceeding stage  of  the  work:  for  during  all  the  suhsetjuent  ol>servations 
of  the  lake,  eveiy  detail  of  the  shore  was  familiar  as  nothing  else  eould 
have  made  it,  an<l  ob.1e<-ts  could  he  oriented  at  a  glance  from  any  i)osition 
in  tlie  lake. 

Of  the  many  things  tliat  might  he  said  in  detail  concerning  rhe  physiog- 
raphy of  the  lake  only  a  few  of  tlie  most  important  and  striking,  as  char- 
acter of  soil  along  shore,  etc..  can  he  noted. 

SOIL  OF  SHOKK.-  -Various  parts  of  the  shore,  as  along  the  Assembly 
grounds,  at  tlie  Biological  Station,  and  south  of  Chicago  Hill  pier,  are 
sandy  beach.  This  sand  is  not  like  that  of  the  sand  hills;  it  is  a  solid, 
whitish  sand,  with  small  banks  or  streaks  of  quite  reddish  sand  here  and 
there.  Other  parts  of  the  shore  ar<»  of  a  tough,  blackish  or  l)rowni8h  muck; 
the  greater  i)ortion  of  the  shore  is  of  this  nature.  The  shore  alwut  Yar- 
nelle's  iM»int  is  rather  coarse  gravel. 

Some  parts  of  the  shore  are  suffering  wave  erosion.  Particular  ex- 
amples of  this  are  the  region  Just  south  of  the  mouth  of  Cherrj'  Creek,  and 
again  at  the  cape  just  beyond  th(»  neck  of  the  lake,  and  on  the  southern 
side.  At  these  places  the  lake  has  encroaclunl  a  good  deal  on  the  land  in 
spite  of  the  ])rj>tecti()n  alTorded  by  the  roots  of  bushes,  etc.  Trees  and 
bushes  are  undermined  and  fall  over,  and  there  are  stumps  in  the  lake 
bottom  f<ir  some  way  out.  At  other  places,  as  at  the  .south  end  of  the 
lake  and  along  i)arts  of  the  north  end.  the  tre(*less,  mucky  shore  Is  being 
wnrn  away.  Here  tlio  waves  :Kt  as  a  "horizontal  saw"  <to  use  I-.e  Conte*8 
illustration),  leaving  a  solid,  murky  phitform  in  the  bottom  and  a  steep, 
almost  vertical  step  of!'  at  the  water's  edgo  from  the  level  plain  to  the 
bottom.  The  waves  often  cut  b(>tw<MMi  tussoeks  of  grass  and  leave  ndnute 
tlonls.  At  other  plates  the  sod  or  turf  is  undermined,  and  moves  up  and 
down  with  the  waves.  Th(»  nun-k  is  in  iilaces  A'ery  tough  and  resisting. 
Large  chunks  of  tl:e  tibrous  s(h1  two  torn  loose  from  the  shore  or  bottom 
and  rolhsl  by  the  waves  into  a  i>eculiar  rounded  form,  much  like  a  rounded 
rock  in  shape,  ami  yet  not  torn  apart.  The  work  of  erosion  along  these 
nu'<  ky  stretclies  of  sh<>re  is  hastened  ami  assiste<l  veiy  materially  by 
holes.  i)resuniably  water-dog  burrows,  which  honeycomb  the  soil  and  ren- 
der it  susceptible  of  being  broken  up  into  picn-es. 

KJsewhcre.  especially  between  tlie  imtches  of  SrirpHt*  lanistris  to  be 
describe*!  later,  sedimentation  is  going  on  tjuite  rapidly,  and  banks  of  soft. 
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black  mud  are  in  the  progrens  of  formation.  The  waves  throw  up  the  mud 
in  the  form  of  loops  and  bands,  and  so  form  small  irreg^ularitiee  in  the 
coast  line.  An  examination  of  the  mud  thrown  up  or  built  up  in  these 
situations  sliows  it  to  be  composed  of  small  pieces  of  Scirpus  in  various 
stages  of  decay.  Thns  the  Svirpus  furnishes  a  large  amount  of  material 
for  the  building  up  of  new  shores.  Besides  the  comminuted  and  decayed 
tidrpua  there  are  occasional  banlis  of  broken  Soirpua  stems,  not  yet  de- 
cayed nor  much  broken  up,  piled  like  windrows  up  beyond  the  summer 
water  line.  Those  banks  are  iirobaUly  piknl  up  during  the  high  water 
of  spring  or  shovtHl  up  by  the  ice.  I'pon  the  soft,  black  mud  banks  men- 
tioned above,  tliero  springs  a  dense  jrrowih  of  annual  weeils  which  forms 
the  advance  j^uard  of  land  vegetation  in  these  regions. 

It  may  be  that  the  lake  plain  lia.s  for  its  foundation  decayed  Scirpus 
stems,  to  wliicli  is  added  turf  ironi  the  se<lges  that  today  so  thickly  clothe 
its  surface. 

As  has  been  said,  long  stret<lies  nt'  shore  are  made  up  of  a  tirm.  whitish 
sand.  Sucli  stretclies  are  to  be  found  along  the  Assembly  grounds,  north 
of  <'hicago  Hill  pier,  and  in  the  vicinity  of  the  mouth  of  Clear  Creek.  This 
sand  is  ofttMi  found  floating  in  tilnis  on  the  smface  of  the  water  neiir 
shore.  At  the  mouths  of  tlie  cr<'<'ks.  I>aiiks  or  deltas  of  white  sand  are 
built  up  and  tliese  project  above  liic  smface  of  tlie  water  when  the  lake 
is  low.  an«l  form  islands.  At  other  places  il  can  not  l»e  said  definitely  that 
either  erosion  or  sedimentation  is  talking  place.  Gently  lapping  waves  will 
pile  uj)  M  uarnKv  ridge  of  sand  just  at  tlie  vi\ii^^  of  tlie  water,  but  high, 
strong  waves  will  wash  tliem  down  again.  l>m-ing  active  wave  motion  the 
advance  of  the  w.ivcs  will  move  i)arti«lfs  of  sand  shoreward,  while  the 
back  flow  will  move  them  back  about  the  same  distance. 

Frequently  on  the  sandy  banks,  perlinps  everywhere  in  such  places 
where  not  interfeiM'd  with,  the  tliree-corneied  rush  Scirinis  umerininuSy 
gr(»ws  out  Mild  forms  the  advance  jruard  of  vegetaticai. 

TlIK  FLoit.X  ol'  TilK  LAKK  SIIOKIO  is  not  essentially  ditferent  in 
species  from  that  of  the  shallow  ponds  a(lja<ent  to  the  lake,  especially  the 
large  pond  on  the  southern  shore.  Tl.e  oidy  dilVerence  is  that  the  plants 
in  that  pond  <l)ulrush.  cat-tail.  si»atterdock.  pickerel-weed  and  aiTowhead> 
form  larjie  pat«iies.  ;is  they  have  here  a  brt>ad  rc^gion  of  shallow  water  and 
congenial  soil.  Along  the  lake  shore  the  jilants.  all  except  the  I)ulrush, 
form  comparatively  narrow  belts.  Most  of  the  bulrushes  <Nr/rp?/8  lacustrls) 
in  the  ponds  <»utside  of  the  lake  are  light  in  color  and  soft  in  texture  (there 
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are  only  a  few  found  of  th<?  dark  jrreen  lirni  form),  while  the  reverge  is 
true  of  the  bnlruslies  in  the  lake. 

TUB  FLORA  OF  TIIK  LAKE  PUOPER  now  comes  up  for  considera- 
tion. In  tlie  iK^KiiHiing  it  may  bo  well  to  state  that  many  of  the  plants 
growing  in  the  neigliborliood  of  ilie  shore  exhibit  decided  yaxiatious  in 
general  appearance.  They  liave  two  extreme  forms,  one  found  growing  in 
shallow  water  and  tlie  other  in  deep  water.  Among  such  plants  may  be 
mentioned  the  foHowing: 

(1)  i<ririnis  larutitris  (light  ;a'<HMi,  apparently  glancesoent  —  easily 
enislied  form  Mlrea<iy  noted!  grows  in  rich  muck  in  shallow  water.  This 
appears  to  continue  in  blossom  longer  than  tlie  other,  and  but  one  patch 
is  found  in  tlie  lake  proper,  though  it  is  abundant  in  the  ponds.  The 
dark-green,  tinn  forni.  growing  in  tlie  luavl  and  in  deei>er  water,  generally 
has  the  umbel  more  contracted.  At  a  few  places  these  forms  seem  to 
intergrade.  altliougli  there  is  no  gradual  shatling-off  at  the  place  in  the  lake 
where  they  grow  side  by  side. 

(2)  Xinn/thara  advvna,  or  spaiterdock.  exhibits  a  variation  in  habit 
really  veiy  slight  but  quite  consi>iciious,  and  readily  noticed  by  the  most 
superficial  oliservcr.  In  ricli  soil  an<l  shallow  water  it  is  stout  and  erect, 
the  large  petioles  holding  the  leaves  high  out  of  the  water.  In  deep  water 
all,  or  nearly  all,  the  leaves  tloat.  and  the  petioles  are  lax. 

{\\\  \Vliit<»  water  lily  tlie  sann»  general  change,  only  more  marked. 
Th(»  shallow  water  form  has  stout  ix^tioles.  holding  the  leaves  far  above 
th(»  surface  ot'  the  water  and  at  an  angle,  and  the  leaves  show  a  radical 
ril)bing  <n'  faint  tinting,  \\{\\  coinrident  with  the  veins,  but  in  direction 
lik(»  that  of  a  palm-leaf  fan  deep  water  form,  with  slender,  weak,  often 
coibMl  petioles  and  leaves  tioaiing  on  the  sm'i'ace  of  the  water.  On  Siindy 
lw)ttom  the  plant  is  mm'h  smaller  in  leaf  nnd  tiower,  giving  the  form 
(Var.  minor  Simms). 

(4)  Water  plantain,  leaves  t^xceedingly  variable  in  shape,  those  under 
water  r»^enibling  tnMgrass:  those  tloat ing  are  much  like  leaves  of  some  of 
the  Pittnmngftotis.  while  the  aerial  leaves  resemble  the  ordinary  plantain. 

The  following  bri(»f  synopsis  will  suttice  to  give  a  general  idea  of  the 
centrii>etal  se(|Uence  of  the  various  i»lants  of  the  lake.  (1)  On  shore,  out 
of  water:  ScirpHs  anirrivfifnaf,  Saffittarias,  Eleovharin  acicularia  and  cat- 
tails. Here.  t<M»,  may  be  re<'kone<i  J'ohfuoniiim  amphibium,  with  its  roots 
<»n  shore  and  its  prostrate  stem  lloating.  It  strikingly  resembles  a 
PnUniwijvtuu.     ri)  On  shore  ami  exten<ling  away  into  the  water;  Scirpu9 
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laeuatrisy  Potamogeton  fiuitans^  Kymphaea  advena,  (3)  Confined  to  shallow  water: 
Pontederia  cordata^  Naias  JlexUi\  Nitella  (a  small  moniliform  species))  EUoeharis 
inter^inetay  Eltocharis  palustriHy  E.  mutatn,  Cladium  mariicoides^  Vallisneria  gpirali:* 
and  Potamogeton  natans.  (4)  Deep-water  plants:  Ceratophyllnmy  MyriophyUum, 
Potamogeton  lueens,  P.  ampli/olins  and  P.  pectinatus.  Beyond  this  last  group  belongs 
mostly  the  floating  confervoid  algae  of  the  lake. 

A  consideration  of  the  habits  of  the  plants  Just  mentioned  will  show 
at  once  how  their  forms  correspond  to  their  position.  EJach  group  men- 
tioned have  certain  common  characteristics,  and  may  be  placed  In  the 
same  ecological  group.  (1)  The  shore  plants  already  mentioned  generally 
have  stiff,  stout  i>etioles  and  stiff,  generally  rather  thick,  leaves.  (In  the 
Scirpi  and  Eleovhnri  the  culms  function  as  leaves.)  They  all  have  large 
air  tubes  leading  to  the  roots.    This  applies  to  all  the  lake-dwelling  species. 

Growing  near  the  shore  in  places  are  the  aquatics  with  short  stems  and 
the  plant  wholly  submersed,  yaias  is  a  good  type.  They  form  a  baud  m 
the  center  of  a  group  which  forms  a  wider  belt,  the  emerscKl  leaved  lake 
plants. 

Tiieeie  hikr  plants  with  emerged  havett  extend  from  the  shore  out  to 
where  the  water  is  about  iWj  feet  deep.  Among  these  are  reckoned  the 
Scirjti  and  KUochnri  (Avith  the  explanation  above).  These  plants  form  the 
broadest  l)elt  in  fhe  lake,  and  one  reason  for  the  breadth  of  their  distribu- 
tion is  to  l)e  found  in  the  variability  of  the  species  which  compose  it,  as 
has  been  <lweit  uiwn  somewhat  fully  above.  This  belt  may,  on  this  ac- 
count, be  divided  into  two  strips;  one  including  the  shallow  water  forms 
and  the  other  the  deep  water  forms,  (-astalia  and  Nympha^a,  which  be- 
long here,  grow  out  to  a  depth  of  about  five  feet  eight  inches.  8cirpu$ 
lacustrift  arrows  out  farther,  that  is,  to  a  depth  of  QV2  f^^t,  and  it  here 
projects  up  out  of  the  water  about  5  feet,  making  the  total  length  of 
some  of  the  longest  culms  11*/^  feet.  Where  Sclrpus  grows  out  into  deep 
water  it  seems  to  exhaust  itself  in  the  effort  to  reach  light  and  air,  and 
90  they  are  generally  few-fruited  or  wholly  sterile,  with  dejidish  brown 
tips.  They  progress  out  into  the  lake  by  means  of  rhizomes,  and  at  the 
outer  edges  of  the  belt  one  can  frequently  note  their  arrangement  in 
straight  lines,  corresiMjnding  to  the  position  of  the  root  stock. 

The  Aquatics  with  Submersed  Lea  res.— Jt  is  dlflScult  to  fix  the  exact 
limits  of  these  plants  with  certainty,  especially  so  that  they  could  be  rep- 
resentefl  on  a  map.  for  they  do  not  form  visible  patches  at  the  surface.  It 
Is  convenient,  as  said  above,  to  divide  them  into  two  groups— the  short- 
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stemme<l  a^insitics— for  leugth  of  stem  seem«  to  be  the  chief  factor  in  de- 
termining the  habitat.  It  should  be  borne  in  mind,  liowever,  that  the 
long-stem me<l  are  quite  variable  in  leugth,  depending  on  depth  in  which 
they  grow.  In  general  the  influences  which  determine  the  habitat  of 
wholly  submersHl  aquatics,  aside  from  the  kind  of  soil  at  the  bottom,  is 
the  amount  of  light  (and  proi>ably  dissolved  gases)  available.  The  amount 
of  light  and  dissolved  gases  is  determined  by  the  nearness  to  the  surface. 
The  former  is  also  determined  by  the  clearness  of  the  water;  ahd  in  case 
the  clearness  of  the  water  is  disturbed  by  organisms  cliaracterized  by 
liolophytic  nutrition,  the  amount  of  gaseous  plant  t'(M>d,  as  well  as  the 
light,  would  be  decreased  with  the  increase  of  amount  of  suspended  or- 
ganic material.     This  feature  of  the  case  will  be  touched  ui>on  later. 

The  short-stemmed  aquatics  {Naias,  Chara  and  the  like)  grow  oniy  in 
shallow  water.  They  were  found  out  to  a  depth  of  six  feet  of  water. 
rarely  more. 

Among  the  lonfj  stemmed  aquaties  Totamogeton  liivina  is  generally  found 
in  isolated  patches,  while  MuriophyUnm,  Ceratophyllum,  and  Potanwfjeton 
pectinatus  grew  together,  making  long  l>elt8.  These  form  the  exti'eme  cen- 
tral belt  of  (i)haueroganiic)  lake  plants.  They  are  to  be  found  from  KM)  or 
150  to  000  feet  from  shore,  according  to  depth  of  water.  Hy  means  of 
dredging  it  was  ascertained  tliat  tliese  plants  rarely  or  never  grow  out 
much  deeper  than  can  l>e  seen  from  a  l)oat  with  favorable  light,  'i'wclve 
feet  was  the  greatest  depth  at  which  any  were  found.  As  they  grew  to 
t>e  about  six  foot  long,  tiie  distance  from  their  tops  to  tlie  surface  of  the 
lake  varies  from  about  six  feet,  at  the  deepest,  to  nothing  at  the  sliallow- 
est  places  wIum-c  they  gn»w.  During  tlie  latter  part  of  August.  l<SiK>.  when 
the  lake  surface  was  quite  low,  due  to  a  protracted  droutli.  some  of  the 
plants  of  M yrUtithyUum  projected  up  to  the  surface  and  the  tops  Moated, 
but  they  did  not  seem  to  be  thriving  well. 

Toward  the  south-central  part  of  the  lake  is  a  large  bar,  and  its  ]H7si- 
tion  is  marked  on  the  water  surface  by  the  presence  of  Potamogetons  and 
other  deep-water  plants. 

It  is  seen,  therefore,  that  the  greater  i)art  of  the  lake  bottom  is  «lcvoid 
of  coarse  vegetation,  the  plants  making  only  a  rather  narrow  hclt  around 
near  the  shore.  The  plants  seem  limited,  moreover,  to  depths  mucli  shal- 
lower than  might  be  expected.  Records  of  these  si>ecies  growing  to  con- 
siderably greater  depths  are  common.  This  limit  in  depth  may  perhaps 
l>e  partly  explained  by  the  large  amount  of  diffused  matter  to  be  found 
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In  E>agle  I^ke.  This  material  is  so  al)iindant  that  it  gives  the  lake  water  a 
decided  amber  color,  and  the  rays  of  the  sun  penetrating  into  the  water 
make  streaks  much  like  those  formed  by  sunlight  entering  into  a  very 
dusty  room,  or  dusty  atmosphere,  as  in  the  phenomenon  commonly  spoken 
of  as  the  "sun  drawing  water."  It  is  very  certain  tliat  this  material  cuts 
off  a  great  deal  of  light,  and  perhaps  alisorbs  considerable  of  plant  food. 
At  any  rate,  there  seems  to  be  an  interference  of  some  sort  between  the 
larger  plants  and  the  plankton— a  fact  generally  observed.  (See  a  reference 
to  this  relation,  part  5.  page  257,  of  Science,  Vol.  XI,  No.  268.) 

THE  LAK^:  ALGAE.— No  particular  attention  was  paid  to  the  Algae 
except  where  they  formed  conspicuous  masses.  Most  of  the  work  In  this 
group  was  left  to  the  investigators  in  plankton.  Oedogonium,  Cladophera 
and  Spirogyra  could  be  found  almost  any  time  in  the  ditches  and  along  the 
edges  of  the  lake. 

Throughout  both  summers  of  the  work,  1899  and  1900,  Mongeotia  was 
very  abundant  in  the  lake,  especially  in  the  head  bay.  Much  of  it  formed 
immense  cloudy  patches  among  the  water  weeds,  and  much  of  it  was  in  the 
shape  of  large,  floating,  yellowish  green  patches.  There  was  a  good  deal 
of  Rivitlaria  in  the  lake.  All  I  saw  here  was  attached.  It  grew  in  a  semi- 
globular  form,  fastened  to  water  weeds  and  rushes.  Upon  rich,  muddy 
bottom,  where  there  is  an  abundance  of  dead  bits  of  Scirpus,  there  is  a  good 
deal  of  Chaetophora, which  assumes  the  form  of  a  narrow, elongated, dichot- 
omously  branching  thallus.  which  resembles  some  of  the  narrow  Riccias  In 
outward  aspect.  The  water  is  full  of  fine  granular  masses  of  GlathrocysHs, 
and  short,  stout,  rigid  filaments  of  Oacillaria,  which  resemble  hair  clip- 
pings. Hydrodirtj/on  i.^  vei-y  peculiai-  iu  its  occurrence  in  the  lake.  It  sud- 
denly appears  in  groat  masses  at  the  mouth  of  Cherrj-  Creek,  and  then, 
after  remaining  a  few  days,  it  is  waslied  in  great  masses  upon  the  shore 
and  suddenly  disappears,  generally  after  reproduction,  so  that  after  the 
large  plants  have  disappciired  the  water  is  full  of  very  tiny  ones.  The 
date  of  api>earaii(*e  of  this  plant  in  100<)  was  .July  1.3.  By  .Tuly  27  all  the 
older  Uifdrodirtf/on  hnd  disappeare<l  as  a  mass  and  the  water  was  full  of 
young  plants. 

Many  large  Xos^tor-\\ke  jelly  masses  of  an  unicellular  alga,  probably 
Aphafwtheca,  were  found  along  the  northern  shore  of  the  West  bay. 
Among  other  algae  noted  in  considerable  masses  was  MicrotfMmnion. 
There  was  also  a  few  plants  of  a  small  momiliform  species  of  Nitella  found 
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in  the  south  part  of  the  lake.  Quite  near  shore,  in  1899.  None  was  seen  in 
1900. 

The  water  is  quite  full  of  minute  algae,  which  is  generally  kept  well 
mixed  up  Avlth  the  water  by  the  constant  ciiuming  of  the  waves.  In  quiet 
places,  however,  as  near  the  shore  in  sheltered  places,  or  among  the  rushes, 
these  algae,  mainlj'  Clnthrocystes,  form  a  surface  scum.  On  one  day  during 
the  latter  part  of  the  summer  of  189J^  when  the  lake  was  tolerably  low. 
and  after  a  verj'  calm  night,  these  algae  formed  an  unbroken  film  or  scum 
over  the  surface  of  the  lake,  except  where  broken  up  by  the  Jumping  of 
fishes,  etc.  The  track  of  the  boat  and  every  oar-stroke  could  be  noted 
across  the  lake  as  far  as  could  be  seen  clearly  at  all,  and,  as  said  above, 
every  place  where  a  fish  had  splashed  up  was  left  as  a  break  on  the  sur- 
face. Some  phenomenon  similar  to  this  is  briefly  noted  in  an  article  by 
C.  D.  Marsh,  and  various  names  given  for  it,  as  ''breaking  of  the  meres." 
or  "working  of  the  lakes."  (See  Science,  Vol.  XI,  No.  268,  first  column, 
page  379.) 

DETAILS  OF  DISTRIBUTION.- In  the  preceding  discussion  tlie  only 
determining  condition  of  plant  distribution  taken  into  consideration  was 
the  amount  of  Avater  present  in  the  soil  or  about  the  plant;  and  the  yarious 
plant  groups  have  l)een  spoken  of  as  if  they  occurred  in  regular  concentric 
belts  or  circles. 

The  amount  of  water  has  indeed  been  the  most  conspicuous  influence, 
and  the  most  easily  measured,  here  as  everywhere,  and  it  has  been  this 
fact  that  has  determined  the  conception  of  the  ecological  groups,  xerophytes. 
mesophytes,  and  hydrophytes.  It  is  needless  to  say.  however,  that  there 
are  multitudes  of  other  infiuences,  such  as  soil,  temperature,  and  many 
obscure  and  perhaps  undiscovered  influences  which  operate  to  make  the 
distribution  of  the  various  species  tolerably  irregular. 

Some  of  the  most  noteworthy  irregularities  will  now  be  discussed 
more  in  detail.    Only  lake  plants  will  l)e  noted. 

8CIRPUS  AMERICANU8  (three-cornered  bulrush)  is  found  in  scattered 
patches  at  almost  any  bit  of  sandy  shore.  Along  the  east  and  south  shores 
It  grows  rather  thinly  and  covers  only  small  areas.  Its  general  absence 
or  scarcity  along  the  eastern  side  of  the  lake  is  due  in  some  cases  (as  in 
front  of  the  Assembly  grounds)  to  artificial  removal.  Beginning  at  the 
southeastern  bend  of  the  lake,  however,  it  extends  in  large  and  frequent 
patches  almost  to  the  bend  which  forms  the  neck  of  the  lake.  At  places 
where  it  is  thickest,  as  at  the  gravelly  shore  at  Yarnelle's  landing,  it  is 
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the  prcHlomiiiaiit  lorm,  here  growiiij?  veiy  <leiise  ami  close.  There  are  also 
dense  stri^is  of  considerable  lenjftli  on  the  shore  alon^  tlie  northern  end  of 
the  lake.  Its  distribution  seems  to  be  determined  by  the  presence  of  solid 
sand-beds  or  l)jirs  wliere  it  delijjlits  t(>  ^xrow.  It  jrenerally  jrrows  wholly 
on  shore  or  in  only  (|nit<»  shallow  water,  and  docs  not  seem  to  like  the 
beating  of  waves  so  well  as  d<)es  N.  lavHsfris.  Vifx.  .*i  shows  a  characteristic 
set  of  relations  (sonth  of  ('hica;^o  Hill  pier>.  Willows  on  ice  ridge  at  the 
left.  Sririins  (imt ricfinus  on  sandy  l»ank.  N.  larustrix  in  water  with  stems 
on  shore.     A  patch  of  J^ttiitvihrhi  nn'iUttn  in  water  in  foregi-oiind. 


.     Fijf.  3. 

POMEDERIA  CORDATA  occurs  in  small  or  isolated  patches  all  around 
the  lake,  but  by  far  the  largest  and  most  (continuous  stretch  is  at  the  south 
end.  not  a  great  way  from  the  mouth  of  Clear  Creek.  This  plant  is  gener- 
ally associated  witli  .\jffnphava  adrvmi  and  is  closely  -similar  to  it  In 
structure  and  habit.  It  generally  forms  a  belt  between  the  main  mass  of 
ypmphaea  and  the  shcn-e.  The  Pontvdvria  farthest  from  shore  grows  in 
am<mg  the  \\iwithai(i  nearest  the  water's  edge.  Sa(;ittari(i,  in  so  far  as  it 
grows  along  the  shore,  occupies  nearly  the  same  position,  except  that  it 
grows  at  the  water's  (»<Ige..  Pontnlcria  and  \i/iiiphara  grow  in  ccmslderable 
abumiance  in  the  iH)nd  south  of  the  lake,  and  Saf/ittaria  has  its  best  de- 
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velopiiieiit  here,  forming  an  immense  patch  intermixed  with  other  plants. 
Amonjr  other  plants  Avhich  fre<iuently  come  down  to  the  water's  edge,  but 
which  are  most  al»nndant  on  the  lake  i)lain  or  in  its  ponds,  are  cat-tails. 
Calamus,  and  some  PJiragmitvs. 

The  chief  representatives  of  the  short-stemmed  a/iuatics  are  Naias 
flexilis  and  Vhara.  Xaias  grows  in  scanty  patches  nearly  everywhere  in 
the  sliallow  water  near  the  shore.  There  are  occa^iionally  very  dense 
patclK»s.  Such  wei^  found  in  1900,  midway  between  the  Biological  Station 
and  Willow  point,  near  the  mouth  of  Clear  Creek,  and  out  in  front  of  the 
laboratories.  There  was  also  considerable  on  the  west  side  of  the  lake 
near  the  show. 

CHARA  begins  at  the  southwest  corner  of  the  lake  and  covers  a  con- 
siderable area  there.  Then  it  stops  until  near  the  neck  of  the  channel 
which  lies  between  the  lake  and  West  Bay.  It  covers  nearly  all  the 
bottom  of  this  channel,  and  extends  in  a  good  way,  about  300  or  400  feet 
nearly  all  around  tlie  bay,  except  for  a  distance  along  the  western  side, 
where  it  is  mucky.  Another  \mte\i  of  Chara  occurs,  mixed  in  with  Naias, 
in  front  of  the  Assembly  grounds.  The  specimens  of  Chara  found  in  this 
latter  place  were  much  larger  and  longer  than  those  found  elsewhere,  and 
were  fuller  of  fruit. 

HCIRPUS  LACU8TRIS  is  the  most  abundant  and  conspicuous  of  the 
lake  plants.  One  belt  begins  about  200  feet  north  of  Chicago  Hill  pier. 
From  this  place  it  extends,  with  the  exception  of  a  few  very  narrow  in- 
terruptions, almost  to  Yarnelle's  point,  where  it  thins  out  and  wholly  dis- 
appears for  a  little  way.  its  place  being  occupied,  as  before  noted,  by  8. 
amei'icanns.  Not  far  north  of  the  lauding,  however,  it  l>eglns  again  and 
extends  up  to  the  channel,  and  runs  far  out  into  a  sharp  cape  at  this 
point.  There  is  another  small  patch  in  the  middle  of  the  channel,  which 
is  cut  in  two  by  the  steamboat  track.  This  plant  fringes  the  outlet  bay 
quite  thickly,  and  then  occurs  again  at  the  mouth  of  the  canal  which  leads 
from  the  lake  to  Warsaw.  Another  strip  begins  at  the  channel  and  extends 
up  to  the  red  ice-house.  There  is  a  broad  region  bare  of  any  Scirpus  all 
along  the  Assembly  grounds;  its  absence  here  is  in  all  probability  du-e  to 
artificial  removal,  for  the  conditions  of  growth  are  in  evei-y  way  favorable. 
The  last  patch  begins  along  Willow  Cape  and  extends  far  out  into  the 
lake,  and  grows  along  the  shore  until  a  little  north  of  the  laboratories. 
This  leaves  a  large  gap  until  nearly  to  Chicago  Ilill  pier.  This  plant  seems 
to  delight  in  a  soft,  marly  soil,  and  does  best  in  rather  shallow  water.    Its 
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absoiico  at  YnnH»ll«»'s.lnii(liii>f  may  probably  be  acroiiiitcHl  for  by  the  sud- 
den sloi>e  at  that  sliore  and  by  the  K^ivelly  iKvich.  AVhenever  h)nj:  bars 
run  out  into  the  lake.  N.  lani}<tris  marks  the  place  by  projeetinjj  out  into 
long  eaiK»s.  Fijr.  4  represents  a  charaeteristie  pat<-h  of  tS.  lanistria  (south 
of  ChieaKo  Hill  pier>.  alon;;  witli  other  r<»lations.  On  the*  left,  shor,»  with 
willows,  and  nuid  bar  with  Srirpits  stniis.  Hetween  the  shore  and  Seirpus 
are  patches  of  Paiitnlvria  ((inlata. 


V'lK-  4. 


Pitta unnji  lull  jirrfiiKifiis  forms  a  wi<h»  lielt  extending:  from  ratlier  sliallow 
water  (four  i'vot)  to  sev<»n  or  eijrlit  feet.  It  ocmrs  in  scattered  patrhes  all 
round  tlie  lake.  /'.  anijilifoliiis  ^rows  in  somewliat  deeper  water  than  the 
precMMlinjr.  It  forms  sev«Tal  large  patche.s,  our  in  front  of  the  laboratories 
and  one  lU'jir  tlie  moutli  of  Clear  i'reek.  other  smaller  patches  are  dis- 
tributed quite  generally.  Mjfrinfihfflhnn  and  f'n'ut(iji?iiftlinn  gtMierally  g^'ow 
in  the  same  depth  of  water  and  often  form  mixtMl  patclies.  The  latter  is 
found  almost  all  round  tlu'  lake  in  considcM-able  quantities.  Tlu'se  two 
plants  fni  ni  tlieir  tliirkest  i)atches  in  the  mud  near  the  outlet. 

I'otaniofntoii  liimis.  tliough  abundant,  is  rather  s<-attereil,  /'.  :os't  rnvfo- 
!iuN  and   lirft  nmfhf ni  diittia  grow  intermixed  in  about  live  feet  of  water. 
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and  reseuible  each  other  somewhat,  except  Heteraiithera  has  a  round  stem. 
Bits  of  Hfteranthtra,  broken  off  by  the  waves  and  washed  ashore,  take  root 
and  grow  and  blossom,  forming  mats  of  sliort,  bright  green  plants  with 
yelloAv  blossoms. 

The  spatterdock  iXf/miihaca)  and  water  lily  {('astnlia)  are  to  a  cons'.der- 
able  extent  found  growing  together.  Xffwphaea  forms  a  tolerable  large 
patch  in  tiie  pond  in  southern  lake  plain.  It  is  not  found  in  the  lake  along 
any  part  of  the  northwestern  shore  at  all.  It  covers  a  very  large  area  at 
the  southern  end  of  the  lake  near  the  mouth  of  Clear  Creek  (see  Fig.  5). 
and  runs  its  greatest  distance  out  from  shore  on  a  bar  formed  at  the 
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mouth  of  the  creek.  It  begins  again  at  tlie  extreme  end  of  tlie  West  Bay, 
near  the  outlet,  and  forms  a  broad  marginal  belt  around  this  part  of  the 
shore.  There  is  a  third  patch  at  tlie  mouth  of  tlie  steamboat  canal.  It 
extends  for  some  distance  l)eyond  tlie  canal  mouth  to  the  north  side. 
Nymphaea  seems  to  prefer  a  mudily  !)ottom.  It  seems  to  be  fond  of  a 
gentle  current,  and  extends  from  tlie  lake  for  some  distance  up  C^ear 
Creek,  and  down  the  outlet.  Its  greatest  development  in  tlie  southern  part 
of  the  lake  is  due  to  the  protection  it  lias  there  from  lashing  winds,  as  this 
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is  the  sheltortHl  side  of  tlie  lake.     Fijr.  0  sliows  n  patch  of  spatterdock, 
with  interinixe<i  bulrushes,  nwir  the  outlet. 

CiiHtalia  OiUtrata,  or  white  water  lily,  has  a  somewhat  more  general  dis- 
tribution, as  scattered  plants  o<'eur  nearly  all  round  the  shore.  There  is  a 
iiumlier  of  stout  plants  growing  in  the  bayou  in  front  of  the  laboratories, 
then  there  is  none  whatevt»r  until  al>out  7<X>  feet  south  of  Chicago  Hill 
pier.  From  this  place  occui*s  wcasional  patches  of  the  small  form  until 
the  large  strt^tch  of  yymithava  at  the  mouth  of  Clear  Cret^k,  is  reached. 
Here  there  is  a  wide.  dt»nse  growth  of  the  ordinary  floating- leaved  form. 
There  is  a  second  large  patch,  similar  to  this  one.  in  the  bend  at  the  south- 
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west  corner  of  the  lake.  It  is  here  nearly  free  from  spatterdock.  The  broad 
bay  leading  to  the  outlet  has  two  belts,  the  outt»r  l)elt  of  the  stout  form 
growing  almost  out  of  the  water  in  the  rich  muck  at  the  edge  of  the  shore, 
and  the  ordinary  form  out  in  the  water.  < These  are  shown  in  Fig.  7.) 
There  are  scattered  snuiU  patches  all  along  the  wi»st  coast  of  the  West 
Bay.  In  18*Jt)  a  giHKl-sized  patch  grew  about  the  region  of  the  mouth  of 
the  steamer  canal.  It  was  not  noted  in  1000.  Here  the  spe<-le8  ends  except 
for  occasional  plants. 
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Many  otluM*  plants  are  found  in  the  lake,  but  not  in  quantities  suffi- 
cient to  call  for  more  than  passing;  notice.  Only  a  few  plants  of  Phihttritt 
were  seen  here,  although  it  jjjrows  abundantly  in  bayous.  ValHtfncria  jrrcjws 
most  plentifully  just  scmth  of  the  nujuth  of  Cherry  Creek,  alniut  Chicago 
Hill  pier,  about  TCO  leet  south  of  this.  n<»ar  Clear  CnM>k  mouth,  at  the 
western  end  of  Wesi  Bay.  near  the  pier  by  the  ice-houses,  and  oflf  the 
AsstMubly  jrrounds.  Hladderwort.  !  tricularia  nth/firis,  fringes  tlie  e<lgcs  of 
the  channel,  but  it  is  not  particularly  abundant  here.  It  was  really  found 
in  much  ^rreater  <|Uantities  in  the  lake  plain  just  beside  the  channel.     The 
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plants  in  the  lake  an*  bright  green,  with  empty  bladders  and  no  blossoms, 
while  those  in  the  foul  water  of  Willow  Point  bayou  and  <»lsewhere  were 
very  different  in  appearance,  the  bladders  black  with  contents,  and  the 
stems  bearing  abundant  flowers. 

Water-shield  {HruHvnUi  imrimna)  covers  rather  thinly  only  one  small 
area  at  the  south  side  of  the  lake.  The  plants  are  small  and  unthrifty, 
and  I  have  never  seen  them  in  blossom  at  this  idace.  In  a  pond  not  far 
away  (Market -street  i>ond)  they  blossomed  abundantly  during  the  summer 
of  1899. 
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Cladium  mariscoides  ^ows  in  several  small  ^patches  at  the  edge  of  the 
lake,  mixed  in  with  the  Scirpvs.  Eleocharis  paluatrU  grows  In  the  lake 
rather  scantily  in  two  places,  one  just  a  little  north  of  Chicago  Hill  pier, 
at  the  beginning  of  the  Scirpus  patch,  and  the  other  a  little  south  of  Yai'- 
nelle's  landing.  FAcocMris  interstincta  and  E.  mvtata  form  each  two  small 
patches  along  the  southwestern  shore  of  the  lake  and  at  Yarnelle's  landing. 
There  were  only  a  few  duckweeds  iSpirodela)  found  in  the  lake  proper. 
This  was  along  the  southern  edge,  where  it  was  shady  and  calm. 

GENEHAL  KELATIOXS.— The  plants  on  the  shore,  especially  those 
which  grow  out  uix)u  newly-made  soil,  probably  have  a  good  deal  of  influ- 
ence in  binding  the  shore  together,  and  assist  in  the  encroachments  of  the 
land  upon  the  lake.  This  influence,  however,  is  difficult  to  measure  or 
express  in  deflniio  terms,  for  it  seonis  irregular  and  uncertain,  as  erosion 
goes  on  quite  rapidly  even  where  there  are  forests  on  sliore,  wherever  the 
wind  has  full  sweep.  Small  trees  are  uprooted  and  fall,  and  in  some  places 
stumps  are  found  in  the  bottom  of  the  lake  near  shore. 

THE  PI>Ax\TS  IN  THE  WATER,  especially  the  Scirpus,  form  a  large 
amount  of  material  for  the  building  up  of  new  shore.  They  also  break  the 
influence  of  the  waves  against  the  shore.  At  times,  when  the  surface  of 
the  lake  was  quite  rough,  the  water  above  a  large  patch  of  water  weeds, 
particularly  Potamogeton  amplifolivs,  was  often  noted  to  be  perfectly  calm. 
The  large  submersed  leaves  of  the  latter  plant  are  very  effective  in  catch- 
ing the  moving  molecules  of  water,  retarding  their  motion,  and  so  prevent- 
ing waves. 

The  larger  plants  in  the  lake  bear  certain  relations  to  the  plankton. 
Among  the  Scirpi,  tlie  Clathrocystis  scum  is  abundant  almost  any  time 
during  the  latter  part  of  the  summer.  Here  we  have  a  marked  influence 
on  the  vertical  dlstdbution  of  the  plankton.  On  the  afternoon  of  August 
21,  1900,  a  thlckisli  coating  of  clathrocystis  was  noted  among  the  bul- 
rushes near  tlie  sliore,  and  during  the  night  the  lapping  waves  piled  it  up 
in  a  narrow  streak  along  the  water  line. 

The  stems  of  the  water  plants  furnish  lo<lgnient  for  many  aquatic 
plants  and  animals.  Fresh  water  sponges  grow  abundantly  upon  the 
Scirpus  stems. 

A  peculiarity  of  a  species  of  Rivularia  may  be  nottnl  in  this  connection. 
It  frequently  grows  quite  abundantly  attached  in  small  hemispheric  masses 
to  stems  and  leaves  of  water  plants.  I  have  never  seen  it  floating  in 
Eagle  Lake  at  all,  and  Dr.  Howe,  who  has  worked  particularly  with  the 
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plankton,  hns  found  it  rtoatin^  but  onco.  At  Turkey  Lake  It  is  said  to 
float  In  great  quantities,  the  whole  lake  appearing  crowded  full  of  dark 
green  spheres  the  size  of  a  large  pinh(»ad.  and  on  a  short  visit  to  Tippc- 
fauo(»  Lake  I  noticed  the  same  phenomenon.  I  Inive  not  had  oi>portunity 
to  compare  the  richness  of  vegetation  of  Turkey  and  Tlppe<-aiioe  Lakes 
with  that  of  Eagle  Lake.  It  Is  possible  that  the  (Mmdition  Rivularin 
assumes  depends  upon  the  abundnnce  or  scarcity  of  phmts  which  will 
serve  as  places  of  attachment.  In  assuming  this  attacl-.cd  p<»sitioii  It  e«- 
cai^es  the  plankton  nets,  and  so  its  abundance  Is  liable  to  Im?  underesti- 
mate<l;  for  as  there  Is  difficulty  in  manipulating  the  net  among  the  water 
weeds,  direct  comparison  of  its  abundance  would  be  inii>ossible  to  obtain. 

As  an  agent  in  the  dissemination  of  seeds  the  lake  acts  cmly  to  a  limited 
extent,  as  a  floating  seed  would  need  sufficient  surface  projecting  above 
the  water  in  order  to  be  wafte<l  far.  Many  such  seeds  as  acorns,  hazel 
nuts  and  butternuts  were  floating  in  the  water,  but  all  of  them  were  de- 
cayed. In  the  case  of  winged  seeds,  however,  it  was  different.  A  numl»er 
of  small  seedlings  of  the  soft  maph»  wore  found  growing  along  the  shore 
about  high-water  line,  and  the  seeds  had  evidently  been  deposited  there 
by  the  waves.  Thp  year  of  ISIM)  was  somewhat  noteworthy  for  the  very 
heavy  crop  of  elm  seed,  especially  white  elm.  In  the  early  summer  of  that 
year.  In  the  vicinity  of  Fort  Wayne,  the  writer  noted  woodland  ponds, 
the  surfaces  of  whicli  were  entirely  covered  with  the  seeds  of  this  species. 
In  the  same  summer,  but  later,  there  was  found  at  the  high- water  line  of 
the  lake  just  north  of  the  laboratories  a  row  of  small  seedling  elnw  grow- 
ing as  thickly  as  they  could  stand.  There  was  another  long,  thick  row  in 
a  corresponding  i)osition  along  the  southeast  shore  of  the  lake.  In  the 
summer  of  ](KX>  quite  a  number  of  the  elms  were  found.  They  had  in- 
creased well  in  size  and  looked  (luite  thrifty.  If  undisturbed  they  may 
form  the  beginning  of  a  forest,  much  like  the  present  low-ground  forest 
along  the  lake  shore.  There  \\as  no  elm  seedlings  of  1900  noted;  the  crop 
of  seed  in  the  forests  was  not  by  any  means  so  large  during  that  summer. 

Below  is  appended  a  list  of  plants  noted  in  the  vicinity  of  Ekigle  Lake. 
The  list  of  plants  occurring  in  the  neighboring  forests,  or  at  any  dlstajice 
from  the  lake,  is  not  intended  to  l>o  comploto,  as  observations  were  made 
here  only  incidentally  as  time  could  be  taken  from  the  lake  work.  It  is 
believed  that  all  the  phanerogams  of  the  lake  have  been  noted.  The  order 
and  synonymy  is  that  of  Rritton  and  Brown's  Illustrated  Flora.  Wher- 
ever these  names  differ  from  those  of  the  sixth  edition  of  Gray's  Manual 
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the  latter  are  given  also.  In  arrangin;?  this  list  1  have  availed  myself  of 
the  labors  of  Dr.  Stanley  Coulter  in  liis  list  of  the  flowering  plants  and 
ferns  of  Indiana  in  the  State  Geological  Reixwt  of  1899.  Much  botanical 
survey  work  has  l>een  done  In  the  oininty  (Kosciusko)  in  which  Elagle  Lake 
is  situated  by  various  botanists,  among  them  chiefly  Dr.  Stanley  Poulter 
and  Mr.  W.  W.  Cniipman. 


LIST  OF  PLANTS  NOTED  AT  KAOLP]  LAKE  AND  VICINITY. 

1.  Botrychium  virginianum  (L.)  S.  \V.    Virginia  Grape  Fern. 

In  upland  forests;  not  common. 

2.  Oemunda  regalis  L.    RoyaJ  Fern. 

Very  common  in  the  southeastern  portion  of  the  lake  plain, 
near  Chicago  Hill.    Frequent  in  tamarack  swamps. 

3.  O.  clnnamonea  L.    Cinnamon  Fern. 

Not  rare  in  swamps.    Quite  abundant  in  a  tamarack  swamp  a 
few  miles  southeast  of  Warsaw. 

4.  O.  claytonia.    Clayton's   Fern. 

Not  rare  along  Clear  Creek  mouth. 

5.  Onoclea  sensibilis  L.    Sensitive  Fern. 

Very  common  at  edges  of  lake  plain  in  places,  especially  on 
the  eastern  side.    Common  In  low,  flat  swales. 

6.  Cystopteris  fragilis  (L.)  Bernh.    Brittle  Fern. 

Not  common.    Found  in  moist,  but  not  wet  woods. 

7.  Dryopteris  acrostichoides  (Michx.^  Kuntze.     Christmas  Fern.      (As- 

pidium  a  eh  tost  i  CO  ides  S.  W.) 

Not  abundant;  found  on  a  bank  along  Clear  Creek. 

8.  D.  thelypteris  (L.)  Gray.     Marsh  shield  Fern.     (AapMium  thelypteris 

S.  W.) 

The  most  common  fern,  growing  in  the  flat  plains  In  great 
abundance,  making  a  distinct  strata  in  places. 

9.  D.  cristata  (L.)  A.  Gray.    Crested  Shield  Fern.     {Aspidium  cristatum 

S.  W.) 

Not  very  common;  found  scattered  In  low,  flat  woo<l8. 
10.    Phegopteris  hexagonoptera  (Michx.).     Fee.  Broad  Beech  Fern. 
Not  very  common;  found  in  dry  woods. 
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11.  Woodwardla  virglnica  (L.)  J.  K.  Smith.    Virginia  Chain  Fern. 

Abundant  in  old  tamarack  swamiis.  especially  along  the  steam- 
boat canal  to  near  Warsaw,  and  a  tamarack  about  one  mile  east 
of  the  lake. 

12.  Asplenium  angustifolium  Michx.     Narrow-leaved  Spleenwort. 

Some  found  in  the  county,  but  not  very  near  Eagle  Lake. 

13.  A.  fllix  foeniina  (L.)  Benih.    I/ady  Fern. 

Scattered  in  low,  moist  woods. 

14.  Adiantum  pedatum  L.    Maiden-hair  Fern. 

Not  common  near  the  lake;  a  few  plants  found  at  the  fo<»t  of 
a  hill  about  a  quarter  of  a  mile  east  of  the  lake. 

15.  Pteris  aquilina  L.    Brake. 

Foun^  pretty  abundantly  on  sandy  hills,  especially  along  the 
railroad. 

16.  Equisetum  arvense  L.    Field  Horse-tail. 

Common  along  the  railroad  and  on  side  base  of  a  hill  about 
one-quarter  mile  east  of  the  lake. 

17.  B.  fluviatile  L.    Swamp  Horse-tall. 

In  the  margins  of  the  ponds  adjacent  to  the  lake,  in  shallow 
wuter. 

18.  E.  hyemale  L.    Common  Scouring  Rush. 

Abundant  on  hillsides  and  along  the  railroad;  a  good  deal  of 
variation  in  size  and  general  appearance. 

19.  Lycopodium  lucldulum  Michx.    Shining  Club  Moss. 

In  a  tamarack  east  of  Eagle  I^ke. 

20.  Sela^nella  apus.  (L.)  Spring     Creeping  Selagenella. 

In  flat  moist  plains,  among  the  grass.  Abundant  in  various 
portions  of  the  lake  plain. 

21.  Larix  laricina  (Du  Roi)  Koch.    Tamarack.    (L.  Americana  Michx.). 

Tliere  are  several  tamarack  swamps  in  the  vicinity  of  Eagle 
Lake.    Most  of  them  are  dying. 

22.  Juniperus  virglnana  L.    Red  Cedar. 

Plants  found  in  the  county,  but  not  very  near  the  lake. 

23.  Typha  latifolia  L.    Broad-leaved  Cat-tail. 

Abundant  in  marshes  and  occasionally  at  the  lake  shore. 
Great  patches  on  the  southern  lake  plain. 

24.  Sparganium  euiycarpum  Engelm. 

Common  in  swamps. 


157 

25.    S.  simplex  Huds. 

Not  rare  In  a  few  swamps,  quiie  local,  however. 
28.    Potaniogeton  natans  1..    Comiiioii  Floating  I'oiidwee^l. 

Abundant  in  shallow  water,  E<igle  Lake. 

27.  P.  aniplifolius  Tnckerm.    I^nK-leavcd  PondwetMl. 

In  patches,  common.    Kagle  Lake. 

28.  P.  lonchltes.    (P.  fluitans  Roth.i 

Common  in  the  lake.  esi>«»<'ially  near  outlets  and  inlets. 
20.    P.  lucens  L.    Shining  Pon<hvctHl. 
Abundant  in  the  lake. 

30.  P.  perfoliatup. 

Quite  plentiful  in  Eagle  Lake. 

31.  P.  zosteraefolius  S<.*hun».    E<»1  <;rass  Poiidweed. 

Abundant. 

32.  P.  pusillus  L.    Small  PondweiMl. 

Only  a  f<»w  specimens  seen. 

33.  P.  pectinatus  L.    Fennel-leavotl  INmdweed. 

One  of  the  most  common  and  widely  distributeil. 

34.  Noias  flexilis  (Willd.)  Host  and  Schmidt. 

Quite  abundant  in  shallow  water,  sometimes  forming  exten- 
sive carpets. 

35.  Trlglochin  palustris  L.     Marsh  Arrow  (irass. 

In  a  swamp  south  of  the  lake  about  a  half  mile. 

36.  Allsma  plantago  aquatica  L.    Water  Plantain. 

Abundiuit  in  moist  places. 

37.  Sagittaria  engelmanniana  J.  O.  Smith.  (S.  variabilis  gracilis  Engelm.) 

A  few  plants  along  the  shore  of  Eagle  I^ke  in  lagoons. 

38.  S.  latifoiia  Willd.    Hroad-leaved  Arrowhead.    <S.  variabilis  Engelm.) 

Quite  abundant,  especially  on  the  soutiiern  lake  plain. 

39.  S.  rigida  Pursh.    rS.  heterophylla  pursh..> 

A  few  plants  note<l  in  shallow  water. 

40.  S.  graminea  Miclix.    <;rass-leave<l  Arrowhead. 

At  the  U*il)oratory  bayou. 

41.  Philotria  canadensis  (Michx.i  Hrltton.     Hitch  Moss.     lElodea  cana- 

densis Mi<*hx.) 

In  bayous  an<l  cut-ofTs;  very  little  found  in  the  lake  itself. 

42.  Vallisneria  spiralis  L.    Tape-grass.    Eelgrass. 

In  patches,  si'attered,  not  abundant  in  Eagle  Lake. 
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43.  Andropop:<)ii  scoparitis  Mlchx.    Brown  Beard  Grass. 

Some  nloug  the  railroad. 

44.  A.  fiircatus.    Forked  Beard  Grass. 

Some  iu  the  southeast  lake  plain,  and  oeoasioual  elsewhere. 

45.  Chrysopogon  avenaceus  (Michx.)  Benth.    Indian  Grass.    <C.  Nutans 

Benth.) 

Common,  especially  along  the  Pennsylvania  Railroad. 

46.  Syntherisma  nanguinalis  (L.)  Nnsh.    Crab  Grass.    (Panicum  sangui- 

naJe  L.) 

Abundant  in  cultivated  places  and  a  troublesome  weed. 

47.  Panicum  cms-galii  I/.    Barnyard  Grass. 

Abundant  in  moist  places. 

48.  P.  walteri.    Salt  Marsh  Co<?kspur  Grass. 

Some  aJiong  the  southeast  shore  of  the  lake. 

49.  P.  porterlanum  Nash.    (/».  latifoHum  Walt.) 

In  dry  woodlands. 

50.  P.  pubescens  liam.    Hairy  Panicum. 

Common  In  open  woodlands. 

51.  P.  capillare  L.    Old  Witch  Grass. 

Found  abundant  in  Winona  Park. 

52.  Ixophorus    glaucus    (L.)    Nash.     Yellow    Fox-tnil.     (Sefaria    f/lnuca 

Beauv.) 

Abundant  in  waste  places. 

53.  I.  viridis  (L.)  Nash.    Green  Fox-tail  Grass.     (Fietarla  virtdis  Beauv.) 

Quite  common. 

54.  I.  Italicus  (Jj.)  Nash.    Hungarian  Grass.    (Setaria  itaJica  Kunth.'> 

Escaped  cultivation  in  various  places. 

55.  Cenchrus  tribuloides  L.    Burr  Grass.    Sandbur. 

Found  in  dry  sandy  soil. 

56.  Zizania  aquatica  L.    Wild  Rice. 

Some  found  in  a  tamarack  not  far  from  the  lake. 

57.  Homaloconchnis  virginicus  (Willd.)  Britton.    White  Grass.    iLeevsia 

virqinica  Willd.) 

Grows  sparsely  In  damp  woods  near  the  lake. 

58.  H.    oryzoides    (L.)    Poll.      Rice    and    Cut-grass.      {Lcersia    oryzoids 

Swartz.) 

Forming  tangled,  scratchy  masses  in  places  along  the  lake 
shore. 
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59.  Phalaris  ariindiimcea  L.    Reed  Canary  Grass. 

Some  found  on  the  lake  plain. 

60.  Muhlenbergia  diffusa. 

Some  Ki'owinp:  in  dry,  si>arsely  wooded  places. 

61.  I*hjeuni  i)rateu6e  L.    Timothy. 

Abundant. 

62.  t'inua  arundinacea  L.    Wood  Uoed  Grass. 

Found  in  moist  places,  especially  wliere  shaded. 

63.  Agrostis  alba  L.    Red  Top. 

Found  along  Cherry  Creek. 
IW.    Agrot^tls  pernnans  (Walt.)  Tuckerm.     Thin  Grass. 

Some  found  along  Cherry  Creek. 
r»r».    Calamagrostis  canadensis  (Michx.)  Reauv.    Hlue-joint  Grass. 

S(alt«*red  anu>ng  other  grasses  on  the  lake  plain. 
«>♦;.     L^anthonia  si)i(ata  (L.)  Beauv.     Wild  Oat  Grass. 

(Jrows  thinly  at  e<lges  of  dry  hills. 

67.  Span  ilia  eynosuroides  (L.i  WMlid.     Fresh-water  Cord  Grass. 

Tolerably  ronnnon  in  swamps  and  along  the  railroad. 

68.  Rouielona  curtii>endula  (Miehx.)  Torr.     (IJ.  racemosa  Lag.) 

One  patcli  on  a  hill  toward  the  southern  end  of  the  Assembly 
grounds. 
6r*.    Kleusine  indica  iL.)  Gaertu.    Yard  Grass. 

Found  along  streets  at  Warsaw. 
7(».    Phragmites  phragmites  (L.j  Karst.    Reed.    (/'.  communis  Trin.) 

Some  grows  along  the  lake  shore.     Abundant  in  a  tamarack 
swamp  northeast  of  Eagle  Lake. 

71.  Eragrostis  purshii  Schrad. 

Not  rare,  along  roadsides  and  old  tields. 

72.  E.  major  Host. 

Abundant  in  old  fields  and  along  roadsides. 

73.  r>actylis  glomerata  L.    Orchard  Grass. 

A  little  found  growing  along  roadsides. 

74.  Poa  annua  L.     Low  Spear  Grass. 

Found  in  a  dooryard  east  of  Eagle  Lake. 

75.  I'oa  cumpressa  L.     Wire  Grass. 

Not  rare  in  old  fields. 

76.  Poa  pratensis  L.    June  Grass.    Kentucky  Blue  Grass. 

Scattered  everywhere. 
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77.  raiilcularia  iien-ata  (Wllld.)  Kiinlze.    iOlyceriu  ueirata  Trin.i 

C'ommou  at  the  cni^es  of  various  ])oi)ds. 

78.  Panicnlaria  fluitans  (L.)  KuDtze.    Floating  Manna  Gras^. 

Not  uncommon  in  ponds. 

79.  Pestuca  eliator  L.    Fall  Fescue  Grass. 

Scattered,  principally  along  tlie  railroad. 

80.  Bromus  ciliatus  L.    Wood  Chess. 

Tolerably  common,  scattered  in  tliin  forests. 

81.  B.  secalinus  L.    Cheat.    Chess. 

In  old  wheat  Holds. 

82.  Agroiiyron  violaceuni  (Horneni)  Vasey.    rurplisli  Wheat 'Grass. 

Along  the  Pennsylvania  Railroad,  near  Warsaw. 

83.  Hordeuni  jubatum  L.    Wild  Barley.    Squirrel-tail  Grass. 

Found  in  scant  tufts  along  the  Pcnn.sylvania  Railroad. 

84.  Elymus  virglnicus  L.    Wild  llye. 

Scattered. 
8i}.    Uystrix  hystrix  (L.)  Millsj).     Iledgc-hog  Grass. 

Some  found  at  the  edges  of  a  field  east  of  Eagle  I>ake. 
Hit.    C>'perus  diandrus  Toit.    liow  Cyperus. 

In  the  lake  plain.  osp<H*ially  along  the  south  jmrt  (»f  OUicago 
Hill. 

87.  C.  strigosus  L.     Straw-coloretl  ('yperus. 

Common  in  moist  places. 

88.  C.  ftliculmis  Vahl.    Slender  Cyperus. 

Abundant  on  open  sandy  hillsides. 
80.    Dulicliium  arundinaceum  (L.)  Britton.    (/).  npathnveum  Pers.i 

Common  in  marshy  places.     Most  abundant  in  MarkH -street 
pond. 

90.  Eleocharis  interstincta  (Vahl.)  R.  and  S. 

A  few  patches  in  the  lake.    One  In  the  south  end.  the  others 
near  Yarnelle's  landing. 

91.  E.  mutata  (L.)  R.  and  S.    Quadrangular  Spike  Rush.    iK.  qwi4rmigu- 

lata  R.  Br.) 

A  few  small  patches  in  nearly  the  same  regions  as  the  ab^e. 

92.  B.  ovata  (Roth.)  R.  and  S. 

The  most  abundant  species  of  the  genus.    Found  everywhere 
in  moist  places. 
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93.  E.  palustns  (L.)  R.  and  S.    Creeping  Spike  Rush. 

Scattered  along  the  edge  of  the  lake,  among  the  scirpi.     A 
good  patch  just  a  little  way  north  of  Chicago  Hill  pier. 

94.  B.  acicularis  (L.)  R.  and  S.    Needle-spike  Rush. 

Tolerably  abundant,  often  found  in  flower  but  rarely  in  fruit, 
at  the  edge  of  the  lake  and  in  marshes. 

95.  B.  tenuis  (Willd.)  Schultes.    Slender  Spike-rush. 

Some  found  in  the  lake  plain. 
DC.    Stenophyllus  capillaris  (L.)  Britton.     {FimhristylxH  cninllaris  Gray.) 
Found  in  sandy  soil.    Some  in  a  field,  some  at  the  edge  of  the 
lake  plain,  on  the  bank  at  Chicago  Hill. 

97.  Scirpus  smithii  Grray. 

Some  found  in  the  county,  but  not  near  Eagle  Lake. 

98.  S.  americanus  Ters.    Chair-maker's  Rush.    i.S'.  pungens  Vahl.) 

Quite  abundant  along  the  edges  of  the  lake. 

99.  S.  lacustris  L.    Great  Bulrush. 

The  most  abundant  of  the  species,  forming  a  broad  Inlt  nio'.ind 
the  margin  of  the  greater  part  of  the  lake. 

100.  S.  atrovirens  Muhl.    r>ark-green  BulrOsh. 

Common  in  swamps. 

101.  S.  llneatus  Miclix.    Reddish  Bulrush. 

Common  in  wet  grounds. 

102.  S.  cyperinus  (L.)  Kunth.    Wool  Grass. 

Grows  in  clumps,  in  ponds. 
lOIJ.    Briophorum  virginicum. 

Scattered  in  marshes— generally  oid  tamaracks. 

104.  Ryn-chospora  alba  (L.)  Vahl.    White-beaked  Rush. 

In  a  marsh  south  of  the  lake,  also  in  the  tamarack  northeast 
of  Bagle  I^ke. 

105.  R.  CapiUacea  laeviseta  E.  J.  Hill. 

In  a  marsh  south  of  the  lake. 
lOd    Cladium  marisroides  (Muhl.)  Torr.    Twig  Rush. 

In  the  lake  plain  and  along  the  edge  of  the  lake  on  the  west 
side  of  the  lake. 
107.    Scleria  verticillata  Muhl.    I>ow  Nut  Grass. 

Found  in  a  tamarack,  and  in  a  flat  pasture  south  of  Eagle 
Ijake. 
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108.    Garex  lupulina  Muhl.    Hop  Sed^e. 

Found  in  swampy  plaoos.  abundant. 
101».    C.  pneudo-fyperuB  L. 

Found  occasionally  in  8wanii>8. 

110.  Carex  comosa  Root.    Bristly  Sedge. 

Along  the  edges  of  the  lake,  near  tiie  outlet,  and  in  ponds. 

111.  C.  lanuginosa  Miohx.    Woolly  Sedge. 

Some  growing  in  the  vicinity  of  the  la)>oratoi'les. 

112.  C.  flliformis  L.    Slender  Sedge. 

A  nniall  patch  near  a  iK)ud  on  the  sinitheasr  ])art  of  the  lake 
plain. 
UX    C.  granular  us  Muhl.    Meadow  Sedge. 

S<»attered,  moist  places. 
114.    O.  albursina  Sheldon.    White  Bear  Sedge. 

Found  occasionally  in  damp  woods. 
lir>.    (.\  pennsylvanica  Lam. 

Found  on  dry  hills,  soatierod. 
1  Hi.    {'.  pul»es(»»ns  Mnlii.     rubesrent  Sedge. 

A  few  plants  found  in  dry  ground  at  the  southwest  side  of  the 
lalce. 

117.  C.  leptalea  Wahl.    ((;.  poli/trirhohUs  Willd.) 

F(mnd  in  a  tamarack  nort Insist  of  tlie  lake,  nnd  in  a  marsh 
southeast. 

118.  (\  vulpinoidea  Michx. 

<!onmion.  scattered. 
11 1».    0.  rosea  Schk.    Stellate  Sedge. 

Found  sparingly  in  shaded  places. 
1120.    O.  cephalophora  Muhl. 

Found  scattered  in  diy  s<>il.  back  from  the  lake. 

121.  (\  Trilmloides  Wahl. 

Growing  in  clumi>8,  among  various  grasses  in  parts  of  the  lake 
plain. 

122.  Arisaema  tripliyllum  (T;.)  Torr.    .lack-in-the-Pulplt.    Indian   lurnip. 

Found  in  forests. 
12.'>.    A.  dracontium  (L.)  Schott.    (ireen  Dragon. 

Found  in  (piite  moist  woo<is. 
124.    Peltandra  virginica  (L.)  Kunth.    Green  Arrow  Arum. 

Found  In  a  tamarack  northeast  of  the  lake. 
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125.  Spathyema  foetida  (L.)  lint.    Skunk  Cabbage.    {8ymplocarpu8  faetidus 

Nutt.) 

Common  in  moist  places.  e8i>ecially  up  along  Cherry  Greek. 

126.  Aeorus  calamus  (L).    Sweet  Flag.    Calamus. 

Found  in  low  ground  along  the  lake  and  variou«  other  moist 
places. 

127.  Splrodela  polyrhiza  (L.)  Schleid.    Greater  Duckweed. 

Very  common  in  lagoons,  some  in  sheltered  parts  of  the  lake, 
near  shore. 

128.  Lemna  trisulca  L.    Ivy-leaved  Duckweed. 

In  lagoons  and  ditches;  common. 

129.  Lemna  minor  L.     Lesser  Duckweed. 

In  lagoons,  and  in  i>onds  near  the  lake. 

130.  Wolffia  Columbiana  Karst. 

Very  abundant  in  lagoons. 

131.  W.  braziliensis  Wedd. 

In  lagoons,  but  not  very  common. 

132.  Tradescantia  virginiana  L.    Spiderwort. 

Grows  everywhere  in  dry  ground;  not  much  seen  in  moist 
ground  here. 

133.  Pontederia  cordata  L.    Pickerel  Weed. 

Common  about  the  edges  of  the  lake. 

134.  Heterauthera  dubia  (Jacq.)  MacM.    Water  Star-grass.    (H.  graminea 

Vahl.) 

Both  forms  found,  the  larger  in  the  water  and  the  short  on 
muddy  banks. 

135.  Juncus  effusus  L.    Soft  Rush. 

Grows  along  the  steamboat  canal  leading  to  Warsaw. 

136.  J.  tenuis  Willd.    Yard  Rush. 

Abundant. 

137.  J.  canadensis  .1.  Gray. 

Found  in  low  ground  along  the  railroads  northeast  of  the  lake. 

138.  Juncoides  campestre   (L.)   Kuntzo.    Common   Wood   Rush.     {Luzula 

campcstris  D.  C.) 

Found  scattered  in  woodlands. 

139.  Tofieldia  glutinosa  (Michx.)  Pers. 

Found  in  a  tamarack  northeast  of  the  lake. 

10— Academy  of  Soienct. 
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140.  Allium  onnadeiiBo  L.    Meadow  Garlic. 

Found  in  moist  woods. 

141.  IJliuiu  uiut>ollatum  Pursli.    Wostpni  Ked  Lily. 

Found  on  sand  hills  n<M'thoast  of  the  lake. 

142.  L.  canadense  Ia    Yellow  lAly. 

Found  gmwlnff  in  moist  places. 
14.^.    L.  superbum  L.    Tiu'k's  Cap  Lily. 

Grows  in  the  southwestern  part  of  tlie  lake  i»lam. 

144.  Asparagus  olHeinalls  1..    Asparagus. 

S<rattered.  quite  frequent. 

145.  Vagnera  rarvmosa   <L.>   >Iorong.    Wild   Spikenard,    ismilacina  rtice- 

mosa  Desf.) 

Found  growing  in  fon»f>ts. 
14t>.    V.  stellata  (L.)  Morong.     Star-flowereil  Solomon's  Seal.    ySmihiHna 
ffhlluta  Desf.) 

One  patch  across  Cherry  Crock  from  the  lal>oratoiy. 

147.  Unifolium  canadense  (Desf.)  Gn^ene.    False  liily  of  the  Valley. 

In  dried  tamarack  swamps. 

148.  Polygonatum    commutatum    (U.   and    S.)    Dietr.    Smooth   Solomon's 

Seal.    (P.  giganteum  Dietr.)    - 

Comm<m.  especially  along  the  railroad. 
140.    Trillium  recurvatum  Beck.    Prairie  Wake  Robin. 
Found  abundantly  in  damp  woods. 

150.  Smilax  herbacea  b.    Carrion  Flower. 

Found  in  considerable  abundance. 

151.  S.  hispida  Mulil.     Hispid  Gnn-u  Hriar. 

Found  in  dry  places. 

152.  Dioscorea  villosa  L.    Wild  Yam. 

Found  in  moist,  rich  woods. 
158.    Iris  versicolor  L.    Larger  Blue  Flag. 

Abundant  in  various  places  along  tlie  shor«»  of  tlie  lake. 
ir»4.    Sisyrinchlum  aiigustifolium  Mill.    Blue-eyed  Grass. 

Abundant  in  open  places,  especially  along  the  railroad. 
l.V».    (^ypripefiiuni  acaule  Kit.    Moccasin  Flower. 

Found  abundantly  in  a  tamarack  south  of  tlie  lake. 
150.    C.  reginae  Walt.    Showy  Lady's  Slipper.    (C.  sitMahile  f<aUsh,) 

Found  in  a  marsh  west  of  the  lake. 


165 

157.  C.  hirsutiim  Mill.    T^rjre  Yellow  Lady's  Slipper.    \ r.  pubescens  WWld.) 

Found  in  dry  soil  by  Yamelle's  landing. 

158.  Ilabenaria  laeera  (Miclix)  H.  Br.    Ragged  Orchis. 

Found  in  the  southwestern  i>oi-tion  of  the  lake  plain. 

159.  H.  leuoopaea  (Xutt)  (iray.     \Vhlte-fringe<l  Prairie  Orchis. 

In  the  tamarack  marsh  northeast  of  the  lake. 
lti(>.    H.  p.*<yoodes  (L.)  (Jray.     Purple-fringiMl  Orchis, 

Soutlieast  e<lge  of  lake  plain. 
Itn.    Pogonia  opliioirlossoides  (L.)  Ker.    Hose  Pogonia. 

In  tlie  tamarack  northeast  of  the  lake. 
102.    (iyrosta<'hys  gracilis  (Bigel)  Kuntise.    Slender  Indies'  Tresses. 

Found  in  a  dry  woo<l  east  of  the  lake. 
I^i3.    Corallorhiza  odontorhiza  (Willd.)  Nutt.     Small-flowered  Ooral  Root. 

Not  rare  in  a  wood  south  of  the  outlet. 
IfM.    Limodorum  tubiTosium  I  a    (Jrass  Pink.    iCalopotjon  pulchellvs  R.  Br.) 

Abundant  in  tamarack  northeast  of  tlie  lake. 

105.  Saururus  cvrnuus  L.    Lizard's  Tail. 

In  wet  grounds  along  Cherry  Creek  and  Clear  (^reek. 

106.  Juglans  nigra  L.    Black  Walnut. 

Scattered  in  rich  W(M>dlands. 

107.  J.  cinera  L.    Butternut. 

Occasional,  in  woodlands. 
1«)S.    Ilicorin  ov.itn  (Mill)   P.ritton.     Shagbark  Ilickoi-y.    ((-arim  alba  Nutt.; 

In  woodlands. 
100.    H.  laciniosa  (Mi<hx.  f.)  Sarg.    Big  Shellbark.    {Carya  suhata  Nutt.) 

In  woods  near  Cherry  Creek. 

170.  II.  alba   (L.i  IViitton.     Mocker  Nut.     White-heart  Hickory.     (Varya 

tnnirntasd  Niitt.i 

A  few  trees  noted. 

171.  Popnlus  nlba  L.     While  Poplar. 

A  few  tre<'s  have  escaped  t-idtivation  near  Wai'saw. 

172.  P.  gr;ni<li(leniata   L.    (Ji-eat-toothed  Aspen. 

Oci-asioiial. 

173.  P.  trcjnuloides  Mielix.     American  Asj)en. 

(Jrows  along  the  lake  sh(>re  near  Chicago  Pier. 

174.  P.  deltoides  .Marsh.    Cottonw<H)d.     (P.  inonififera  AW.) 

Not  rare  in  h»w  groumls. 
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Gommou  along  the  shores  of  the  lake. 

176.  Sallx  discolor. 

FormlDg  clumps  in  low  flat  grounds.  The  willows  were 
neither  In  flower  nor  fruit  during  the  period  of  inyestigatlon. 
and  were  consequently  Indeterminate;  there  are  doubtless  more 
present  than  mentioned. 

177.  Carpinus  earoliniana  Walt    Water  Beech. 

In  woodlands  along  the  sides  of  gullies. 
17a    Ostrya  virginlana  (Mill)  WlUd.    Ironwood. 
In  locations  similar  to  the  preceding. 

179.  Ck>rylus  amerlcana  Walt.    Hazelnut. 

Abundant  in  dry  ground. 

180.  Betula  pumila  L.    Low  Birch. 

Abundant  in  tamarack  marshes. 

181.  FaguB  amerlcana.    Sweet  Beech.    {F.  ferruginea  Alt.) 

Not  very  abundant,  only  a  few  trees  seen. 

182.  Castanca  dentata  (Marsh)  Borkh.     Chestnut.     (C.  sativa  amerlcana 

Wats,  and  Coult) 

A  quite  large  tree  in  the  park,  evidently  pretty  old,  but  prob- 
ably not  native. 

183.  Quercus  rubra  L.    Red  Oak. 

In  woodlands. 

184.  Q.  palustrls  Du  Rol.    Pin  Oak. 

Found  pretty  abundantly  at  the  edges  of  some  low  slopes. 

185.  Q.  coccinea  Wang.    Si^arlet  Oak. 

Quito  common. 
18a    Q.  Imbricaria  Mlchx.    Laurel  Oak. 

Only  one  tree  seen,  far  up  Oherry  Creek  gully. 

187.  Q.  alba  L.    White  Oak. 

Abundant  in  woodlands. 

188.  Q.  macrocarpa  Mlchx.    Bur  Oak. 

Not  particularly  abundant;  only  a  few  trees  noted. 

189.  Q.  platanoides  (Lam.)  Sudw.    Swamp  White  Oak.    (Q.  Meolar  WlUd.) 

Pretty  common  In  moist  places. 

190.  Q.  acuminata  (Mlchx.)  Sarg.    Yellow  Oak.    (Q.  muhlehbergii  Ung^uLi 

A  few  trees  noted;  none  very  near  the  lake. 


167 

191.    UlmuB  americana  D.    American  or  White  Elm. 

Abundant. 
Id2.    U.  fulva  Michx.    Slippery  Elm.    Red  Elm. 

Not  many  trees  seen. 
198.    Geltis  occidentalis  L.    Hackberry.    Sugar  Berry. 

A  few  trees  noted. 

194.  Moms  rubra  L.    Red  Mulberry. 

Found  in  woods;  not  rare. 

195.  M.  alba  tartarica.    Russian  Mulberry. 

An  abundant  escape  in  waste  land  east  of  the  lake. 

196.  Toxylon  pomiferum  Raf.    Osage  Orange.    {Maclurn  aurantiaca  Nutt.) 

Used  abundantly  for  hedges. 

197.  Humulus  lupulus  L.    Hop. 

Found  growing  in  low  rich  grounds. 

198.  Cannabis  sativa  T^.    Hemp. 

A  common  escape  on  commons  near  Warsaw. 

199.  Urtica  gracilis  Ait.    Slender  Nettle. 

In  clumps  in  waste  places. 

200.  llrtlcastrum  divaricatuni  (L.)  Kuntze.    Wood  Nettle.    Laportea  cana- 

densis Gaud. 

Abundant  in  low  wood.s. 

201.  Adicea   pumila    (L.)    Raf.    Clear   Weed.    Rich    Weed.    [Pilea  pumila 

Gray.) 

.\bundaiit  in  moist  places. 

202.  Rochmorin  cylindrica  (L.)  Willd.     False  Nettle. 

Abundant  in  moist  woods. 

203.  Pariotaria  ponnsylvanica  Muhl. 

Not  particularly  abundant. 

204.  CV)mniandra  umbellata  (T>.)  Nutt.     Bastard  Toad  Flax. 

Found  growing  ai)un(lantl.v  in  dry  places,  along  the  road  east 
of  the  lake. 

206.  Asarum  canadense  I..     Wild  (Jingor. 

Ratlior  common  in  sliacly  w(M)ds. 
20C.    Aristolochia  serpentaria  I..    Virginia  Snake  Root. 
S<'att(Tod  in  loost*  soil  ot  forests. 

207.  Ruuiex  acotos(»lIa  L.     Field  Smrcl.    RihI  Sorrel. 

A  common  nuisance  in  «?andy  fields. 
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2()8.    R.  VerticillatUH  L.    Swamp  Dock. 

Found  at  th**  ecljife  of  bayous  and  in  shallow  water. 
2<)0.    K.  brlttaniia  L.    r.reat  Water  iXn-k. 

Not  rare  in  the  lake  plain  and  in  low,  flat  places. 
210.    K.  crispus  L.    Curled  Dock. 

Common  in  waste  places. 
*JU.    H.  obtuslfolius  L.     Hitter  Dock. 

In  sitinitions  similar  to  the  priH'eilinp. 

212.  Fagopyrum    fagopyrum    (Tj.)     Karst.     Buckwlieat.     «F.   aHciilentum 

Moench.) 

Alonp:  roadsides  where  it  has  escaped. 

213.  Polygonum  amphibium  L.    Water  Smartwewl. 

Common  at  the  edges  of  the  lak<». 

214.  P.  emersum  (Michx.)  Britton.    8wamp  Smartw(»ed.    il*.  miihlenhenfii 

Wat»on.) 

Abundant  in  l>ayou8  and  low  places  about  tlie  lake. 

215.  P.  incamatum  Kll.    Slender  IMnk  Smartweetl. 

(Common  in  wet  soil. 

216.  P.  pennsylvanicum  L. 

Abundant. 

217.  P.  hydropiiKM'oides. 

(V>mmon.  (»siHM-ially  in  a  sliallow  iM>nd  in  the  southeastern  por- 
tion of  the  lake  plain. 

218.  P.  orientale  L.    I*rin«-e's  Feather. 

Ks('a|H>d  cidtivation  in  a  Held  cast  of  tlie  lake. 
21 1>.    P.  virginianum  L.    Virginia  Knotwe<»d. 

Uatlier  spjiringly  found  at  tlie  <Hlges  of  low  woods. 
22(>.    P.  avicuiare  }j.    Doorweed. 

Common  in  yards. 

221.  P.  erect um  1^.    Ere<-t  Knot  Grass. 

Not  so  abundant  as  the  pre<*eding.  and  in  moister  places. 

222.  P.  convolvulus  L.    Black  Bin«iw(HMl. 

In  do*  cultivated  lields. 
323.    P.  scaudens*  L.    Climbing  False  Buckwheat,    i/'.  ihnnriwiim  Ht-atid^ns 
Gray.) 

Som*'  in  moist  ground  along  Cherry  Creek. 
224.    P.  saggitatiun  L.    An'ow-leaved  Tear  Thumb. 

In  moist  soils  about  the  lake.     Very  abundant. 
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225.    P.  arifoliiun  L.    Han>er(l-leavod  Tear  Thumb. 

Sonw*  found  aloniu:  Clear  Creek,  south  of  the  lake. 
220.    ChenoiMxliuni  allmm  L.    I>ainb's  Quarters. 

Coninum  in  waste  j;ix)U1m1s. 

227.  O.  boscianuni   Mmj. 

Only  i\  few  ])lants  seen,  over  near  Warsaw. 

228.  O.  urbicuni  L.    Common  or  City  (Joosefoot. 

C<minion  in  waste  i»lnces. 
22t>.    C.  liybridum  L.    Mni)h^leaved  (ioosefoot. 

C-4»mnion:  somewhat  scattiM'ed  in  waste  places. 
2.'{<>.    C.  boti-j's  L.     Feather  (icranium.    .Jerusalem  Oak. 

Not  rare  along  the  railroad. 
2.*n.    Salsola  kali  L.    Common  Saltwort. 

Foimd  <iuite  abundantly  alonjr  tlie  railroad. 
2v^2.    Amaranthus  retix)tiexus  L.     Uouph  Pigweed. 

Al)im<lant  in  waste  placM^s. 
2X1.    A.  blitoides  S.  Wats.    l»rostrate  .\marantlj. 

Foun<l  along  the  Pennsylvania  railroa<l. 
2.'{4.    A.  graecizans  L.    Tumblew<MMl.    (A.  album  L.) 

Found  in  waste  phuH'S  and  along  the  railroad. 
2l^K    PhytolaiM  a  decandra  L.     Pokeborry. 

In  njoist,  rieli  grounds. 
2;i('i.    Mollugo  v«Mti<-illata  L.    CariM'tw<»ed. 

.Mmiidant  in  sandy  tields. 
2:{7.    INn'tnlac.'i  t»l<'r;nM'a.     Purslane. 

IM4'iitirnl  in  lields  and  gai-drns. 
2.'»s.     Agi'ostiMuni.i  git  lingo  L.    Cockb'.     {Li/rfniis  ffithatjo  Scop.) 

AlMMiilani  in  gi-aiii  tields. 
2:J!>.     SiltMH'  sU'll.-iiM   tl..i   Ail.     Starry  rnnipion. 

In  woods  .iiid  corners  of  tirlds. 
2-Uy    S.  \  iririiiic:!   I>.     Fire  Pink. 

I'onnd  ill  w(K»ds. 
241.     S.  .intirrliin.i  L.     Sleepy  Caielitly. 

CoiimMHi   in  sjnnly.  t»pen   places. 
241'.     Sapnii;iri;i  othciimlis  L.     Bouncing  Bet. 

Alunidant.  especially  along  the  embankment   of  the  Pennsyl- 
vjinia  railway. 
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243.  Alsino  media  L.    Oommou  Chickweed    (Stellaria  media  Cyr.) 

Abundant,  especially  in  the  park. 

244.  A.  longifolia    (Muhl.)    Britton.     Ix)ng-leaTed    Ohlckweed.     (8i€Uaria 

longifolia  Muhl.) 

Found  in  molsi  ground. 

245.  Cerastium  longipeduneulatum  Muhl.    Nodding  Chickweed.    {C,  nut€M9 

Raf.) 

Found  near  Cherry  Creek. 

246.  Anyeliia  canadensis  (L.)  B.  S.  P.     Slender- forked  Chickweed.     (A. 

capillacea  D.  C.) 

Scattered  in  open,  sandy  woods. 

247.  Brasenia  purpurea  (Michx.)  Casp.    Water  Shield.    (B.  Peltata  Pureh.) 

A  little  in  B)agle  Lake;  niucli.  and  profusely   flowering,   in 
Market-street  pond. 

248.  Nyniphaea  advena  Soland.    Spattordoek.    iNuphar  ndvena  R.  Br.) 

Quite  plentiful  in  Eagle  Lake. 
240.    Castiilia  odorata  a>r.vand)   Woodv.  nnd  Wood.     White  Water  Lily. 
{Xyniphaed  odorata  Ait.) 

Abundant  in  EJagle  Lake. 
2.V).    Oratophyllum  deniersum  L.     Honnvort. 

Abundant  in  Eagle  Lake. 

251.  Lirlodcndron  till ipf era  L.    Yellow  i>oi)lar.    Tulip  tree. 

In  woods,  no  longer  particularly  abundant. 

252.  Asiniina  triloba  (L.)    Dunal.    Pawpaw. 

Not  many  tro(*«  seen. 
2r)H.    Caltba  palu.stris  L.    Cowsiip. 

Common  in  marshy  places. 

254.  Coptis  trifolia  (L.)  Salisb.    ({old-tliread. 

In  a  tamarack  swamp  southeast  of  the  lake. 

255.  Actaea  alba  (L.»  Mill.    White  Hanoborry. 

Common  in  woo«ls. 
^.'irt.    Anemone  <-yIindrira  A.  (Iray.     Long-frult«»(l  Anemone. 

Foiiinl  abundantly,   principally  aloni:  the  Pennsylvania  rail- 
way. 
2."»7.    A.  virjriniana  L.    Tall  anemones. 

Pb'ntiful  in  open  places. 
258.    A.  canadensis  L.    Canada  Anemone.    1.4.  />»  «w»i//rr/wjca  L.) 

Found  in  moist  irround  along  the  Pennsylvania  railroad. 
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259.  A.  quinquefolia  L.    Wind  Flower.    (A.  nemorosa  Michx,) 

Plants  found,  out  of  flower,  along  Clear  Greek. 

260.  Hepatica  hepatlca  (L.)  Karst.     Round-leaved  Filverwort.     {H,  triloJHi 

Ohaix.) 

Scattered  in  woodlands  about  the  lake. 

261.  H.  acuta  (Pursh.)  Britton.    Liverwort.    iE.  acuHloba  D.  O.) 

Found  at  some  distance  from  the  lake;  none  seen  near. 
2©2.    Syndesmon  thalectroides  (L.)    HolTmng.    Rue  Anemone. 
Found  in  woods;  abundant. 

263.  Clematis  virginiana  L.    Virgin's  Pk)weT. 

Abundant  in  places,  generally  in  rich,  damp  places. 

264.  Ranunculus  abortivus  L.    Kidney-leaved  Crowfoot. 

Abundant  in  shaded  places. 
*Jr»5.    R.  recurvatns  Poir.    Hooked  Crowfoot. 

Common  in  the  regions  at  some  distance  from  the  lake. 

266.  R,  pennsylvanicus  L.    Bristly  Buttercup. 

Some  found  north  of  the  lake,  near  Clear  Creek. 

267.  Caulophyllum  thalictroides  L.    Blue  Cohosh. 

Found  in  the  Clear  Creek  region. 
26R    Podophyllum  peltatum  L.    Mayapple. 
Scattered  in  woods. 

269.  Menespermum  canadense  L.    Moonseed. 

Not  very  abundant  in  the  region  of  the  lake. 

270.  Sassafras  sassafras  (L.)  Karst.    Sassafras.    {S.  officinale  Nees.) 

Abundant  in  open  places. 

271.  Benzoin  benzoin  (L.)  Coulter.    Spice  Bush.    {JAndera  benzoin  Blume.) 

Not  rare  in  moist,  rich  woods. 
372.    Pa  paver  sonnii  forum  L.     (harden  Poi)py. 

A  few  wero  found  growing  in  tlie  railroad  gravel  pit  northeast 
of  the  lake. 

273.  Sangiiinaria  canadciKsls  T..     Blood  Koot. 

Common  in  open  woods,  hy  bluffs  and  Clear  Creek. 

274.  Stylophorniu  (lipliyllum  (Michxj  Nutt.     (Vlandine  I*oppy. 

One  stHMi.  out  of  tlowor.  up  C'lear  Creek  gully. 
27r».    Bi<-uculla    cucuUaria    (L.)    Millsi>.     Dutchman's    Bree<^hes.     (Dicentra 
cucularid  Torr.) 

Olfl  plants  and  ix>ots  found.  Clear  Creek  gully. 
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270.    Lepidum  virglnicnm  L.    IVpper  (irnss. 
Common  in  dr>'  ground. 

277.  Sisymbrium  officinale  (Ij.)  Scop.    Hedge  Mustard. 

Oomnion  in  dry  ground  in  waste  places. 

278.  Braflsica  juncea  il^)  Cooson.    Indian  Mustard. 

A  plant  found  along  the  Pennsylvania  railroad. 
271).    Roripa  palustris  (L.)  Bess.    Marsh  Cress.    i\afttnrthnn  palmtre  D.  C.) 

Common  in  flat,  marshy  gi*ound. 
280.    R.  nasturtium  iL.)  Rusby.    Water  (Vess.    {\asturtium  offfcinale  R.  Br.i 

Common,  especially  near  springs. 
2X1.    Bursa  ))ursa-pastoris  (L.)  Hritton.    Sheplierd*s  Turse.    iC(Ui**rUa  lurtta- 
pnstorh  Moench.) 

Some  plants  seen;  dry  ground. 
2S2.    Arabis  laevigatl  (Muhl.)  Toir.     Sm4>oth  Uodv  Cress. 

On  bluflTs  along  Clear  Creek. 
2.s;?.    Polanisia  graveolens  Haf.    Ciammy  Weed. 

Abundant  in  the  raliroad  gravel  pit, 
2S4.    Sarracenia  purinirea  T>.    ritilier  TMant. 

In  tamarack  )>ogs. 
28.%.    Saxifragji  iM»nns.\1vanica  L.    Swamp  Saxifrage. 

Occasional  in  wet  places. 
280.    Heucheni  bisplda  Pursli.    Hough  Heu<-hera. 

Some  plants  foimd.  Cliapman's  Hill. 
287.    Mitella  dipliylla  L.     Bishop's  (^ap. 

On  a  l»ank  alcMig  Cherry  Creek. 
28S.    Parnassia  caroliniana   Miclix.     (Jrass  of  Parnassus. 

Tolerably  plentiful  in  low.  wet  gr«)unds. 
289.    Ribes  cynosbatti  L.     Wild  (Gooseberry. 

Common  in  woods. 
21K).    H.  oxyacanthold<»s  L.     Northern  (I<K>seberry. 

Pound  esp*»cially  in  tamaracks. 
2J)1.    R.  floridum  L.  Her.    Wild  Black  Currant. 

Or<asional  in  moist.  Hat  Avoods  north  of  Eagle  Lake. 
21)2.    Hamamclis  virginiana  L.     Witch  Hazel. 

On  dry  hills  southeast  of  the  lake. 
2fK*.    Platanus  occidentalls  L.    Sycamore. 

On  low  ground  common:  a  few  on  high  ground. 
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294.  Spirnt»:i  sali<-il'<>lin  L.    Meadow  Sweet. 

Conimoii  in  low.  flat  j^roiind,  as  tlie  lake  plain. 

295.  S.  ronientosji  L.     Ilanlhack. 

Spurinjjly  found  in  moist  fxroiinds. 
29<>.    HnlMis  strigosiis  Miclix.     Wild  IUhI  Kaspberry. 

None  near  tlie  lake:  some  found  in  a  tamarack  swamp  some 
distanc(»  away. 
297.    H.  orridentalis  L.     Rlack  Kas]>]»oiTy. 

V(M-y   (Mnnmon   in   nojrhM-tcd   liolds  and  oi>on   woods  near  the 
laki». 
208.     H.  anu'i'lcanus  (INm's.)  Britton.     Dwarf  UaspluMTj'. 

<^uit(»  al)undant  in  a  la  ma  rack  northeast  of  tlie  lake. 
2i«».     R.  villnsus  Ait.     Ilijrh  Jiusli  HlacklK?rry. 

Alnnidant  near  tlio  lake. 
3<H).    H.  liispidus  L.     Uunninj;  Swamp  Rlacklx^rrj'. 

Common  in  the  marsh  alonjjf  the  steamer  canal,  near  AVarsaw. 
^5<>1.     K.  «';in:id«Misis  L.     Hewberry.     L<»w  Blackberry. 

Common  on  sandy  banks  and  in  sandy  llelds. 
i^Kl.    Krai^aria  vir^iniana   r)uchesn<\     Wild  Strawberry-. 

Common  in  dry  ground. 
3«K'..    rotentilla  argentea  I..    Hoary  Cinquefoil. 

In  a  tleld  east  of  Kjigle  Lake. 
3(>4.    r.  monspeliensis  I..     Rough  Cln<iuefoil.     (/*.  uorrrfjica  Ij.) 

Common  in  low  grounds. 
30r».    P.  fruit i<osa  L.     Slirul»by  Cinquefoil. 

Com  mem  in  wet  grounds. 
34M».    r.  ciinadensis  L.     Five-finger. 

Comn)on  everywhere  in  open  places. 
3C)7.    (.'oniarum  i>aluslre  L.     Mai-sh  Five-tinger.  [I*ntvut\lla  palustris  Scop.) 

Common  in  tamarack  bogs. 
3(>8.    <;eum  rnnadense  Jac<i.    White  Avens.    i  a.  a  I  hum  GmeWn.) 

At  edges  of  woods  and  shady  places. 
3(>l>.    (4.  strirtum  Ait.     Yellow  Avens. 

At  tlio  southeast  edge  of  the  lake  plain. 
310.    A;.'rim()nia  mollis  (T.  and  <t.»  Britton.     Soft  Agrimony.     (A.  eupatoria 
ffioUis  T.  and  G.) 

Common  in  light  woods. 
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311.  A.  parviflorn  giolaud.     Small-flowered  Alimony. 

Abundaut  in  low,  flat  ground. 

312.  Rosn  Retigera  Michx.    Climbing  lio»e.    Prairie  Rose. 

Not  very  common.    I  have  setMi  only  one  plant  in  the  region. 

313.  Rosa  Carolina  L.    Swamp  Rose. 

Very  abundant  in  low  places. 

314.  R.  humilis  lucida  (Ehrh.)  Best.    {R,  lucida  Elirh.) 

Abundant  in  dry  ground. 

315.  R.  rublgnosa  L.    Sweet  Briar. 

A  few  scattered  plants  were  noted. 
310.    MaluR  coronaria  (L.)  Mill.    Crab  Apple.    (Pyrus  coronaria  1j.) 
A  few  scattered  trees. 

317.  .-irouia  nigra  (Willd.)  Brit  ton.    Black  Cliolio  Bony.    iPffmn  nrhutifoHa 

melanocarpa  Hools.) 

Not  rare  in  tamarack  swamps. 

318.  Amelanchier  canadensis  (Ij.)  Medic,    .lune  Berry. 

Koun<l  on  the  brows  of  hills  and  blufTs. 

319.  A.  botryapium  (L.  V.)  J).  (\    Shad  Bush. 

A  small  l»nsli  found  in  tlie  tamarack  swamp  northeast  of  the 
lake. 
'A20.    Crataegus  cocci nea  li.     Red  Haw. 

Scattered;   generally   found  aloiitf  in  open  woods  and   fence 
rows. 
'^2^.    I*runus  anicricana  Marsh.     Red  riuni. 

Scattered. 
3i!2.    r.  serotina  Ehrh.    Wild  Chen-y. 

Some  trees  noted,  scattered  alnrnt  in  forests. 

323.  Cercis  canadensis  L.    Red  Bud.    .lu(ias  Tree. 

SWmie  trees  hear  tiie  lake  up  cMieriy  Creek  a  little  way  from 
the  lake. 

324.  Cassia  mar>'landica  L.     Wild  Senna. 

Conunon  In  wet  places. 

325.  ^iynmorladus  dloica  (L.)  Koch.     CotT«'enut.     i(I.  ranndensis  Iiam.» 

Common  up  Cherry  Creek  jrnlly. 
.T2IV    Baptlsia  tinctoria  rL.>  R.  Br.    Wild  Tndigo. 

One  plant  .seen  along  tli«»  niilroad,  1S1>0. 
:v27.     Lupinus  ])(MTnnls  L.    Wild  Lupine. 

Common  ahmg  the  railroad. 
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328.    Medicago  sativa  L.    Alfalfa. 

Along  the  road  near  the  Assembly  grounds;  probably  an  es 
cape. 
320.    Melilotus  alba  Desv.    White  Sweet  Clover. 

Abundant  about  the  park  entrance. 

330.  Trifolium  procumbeus  L.    Ix)w  Hop  Clover. 

Found  along  streets  in  Warsaw. 

331.  T.  arvense  L.    Rabbit's  Foot  Clover. 

Scattered,  in  sterile  soil. 

332.  T.  pratenso  Jj.    Red  Clover. 

Abundant  in  open  places. 

333.  T.  hybriduni  L.    .Vlslke. 

Scattered  at  edge  of  roadsides. 

334.  T.  repens  I..    White  Clover. 

Abundant  in  open  places. 

335.  Amorpha  canescens  l*ur8h.    I^»ad  plant. 

A  few  plants  growing  in  the  park. 

336.  Robinia  pseudacacia  L.    Black  Locust. 

Planted  in  various  places. 

337.  Melbomia    nudiliora   (L.)    Kunt7.e.      Nakcni    Flowered   Tick    Trefoil. 

(Desmodiutn  tiudiflorum  D.  0.) 
In  open  woods. 

338.  M.  michauxii  Vail.   Prostrate  Tick  Trefoil.  {Desmodium  rotioMfoHum 

D.  C.) 

In  an  open,  dry  thicket. 

339.  M.  canadensis  (L.j  Kuntze.    Showy  Tick  Trefoil.     {Dtsmodium  cana- 

dense  I).  C.) 

Common  in  damp  situations. 

340.  Lespedza  violacea  (L.)  Pers.    Bush  Clover. 

Abundant   in  open,   dry   places. 

341.  b.  capitatata  Michx.     Round-headed  Bush  Clover. 

Common  in  dry  soil. 

342.  Vieia  americajia  Muhl.     Pea-vine. 

In  damp  places  near  the  lake. 

343.  Falcata  comosa  (L.)  Kuntze.     Hog  Peanut.     (Amphicarpaea  monoica 

Ell.) 

Common  in  rich  woods. 
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344.    Aplos  aplo«  (J..)  MucM.    GriHUKliuit.     (A.  titbetom  Mociicli.^ 

fomiiion  in  various  parts  <»f  the  lake  plain. 
34r>.    <?oraniuni  niaculatuni  L.    Wild  Geranium. 

Common  in  oiK*n  woods. 

346.  G.  carolinianum  L.    Carolina  Crane's  Bill. 

Along  the  tracks  in  the  niitroad  gravel  pit. 

347.  Oxalis  stricta  L.    Sheep  Sorrel.    (O.  cot-nicuUita  stricta  Sav.'i 

Abundanf. 

348.  Linum  virginianuin  L.     Wild  Yellow  Flax. 

In  <lr>'  gi'ound,  on  hillsides,  in  oi>en  woods. 

349.  Xanthoxylum  amerieamim  Mill.    Triokly  Ash. 

In  woikIs:  not  abundant. 

350.  melea  trifoliata  L.    Hop  Tret\ 

A  few  plants  notieeil  in  oikmi  w(hm1s. 
:U">1.    Polygala  vertlcillate  1..    Whorled  Milkwort. 
On  hillsides. 

352.  Polygala  virideseens  L.    iP.  satiguinea  L.) 

Pound  on  open  hillside,  east  of  the  lake. 

353.  Acalypha  vlrginiea  L.    Three-seeded  Mercury. 

Found  growing  in  the  park. 

354.  Kuphorbia  humistrata  Engelm.    Hairy  Spreading  Spurge. 

(.'ommon  in  dvy,  open,  sandy  places. 

355.  K.  nutans  Lag.    Large  or  Upright  Siwtted  Spurge.     {K.  preslii  Gusa.) 

Connnon  on  dry  banks  and  embankments, 
liort.    K.  corollaia  L.    Flowering  Spurge. 

Veiy  common  in  dry,  open  places  and  old  fields. 

357.  B.  cyparissias  L.     Cypress  Spurge. 

Escaped  from  an  old  iMMueterj'   near  Warsaw. 

358.  Rhus  coi»alllna  L.     Dwarf  or  Black  Sumac. 

In  scattered  (-lumps,  various  places  in  drj'  soil. 
350.    K.  Idrta  (L.)  Sudw.    Staghorn  Sumac.    {R.  typhina  L.) 

(Occasional  in  clumps  in  ojM^n  places. 
3i'A}.    K.  glabra  L.    Scarlet  Suniac. 

(irows  in  clumps,  fre<juently  (m  dry  hill  sides  at  the  edges 
of  fields. 
301.    R.  vernlx  L.     Poison  Suma<'.     (/^  unemita  D.  C.I 
T'ommoii  in  tamarack  swamps. 
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362.    li.  radU'ans  L.     Poison  Ivy.     iR.  toj-irodrndron  L.) 

Common. 
3<»o.    Ilex  vorticillata  <I..)  A.  (Jray.     Winterberiy. 

Xot  raro  in  low  marshes,  as  tamarack  swamps. 
3(>4.    llicioides  mmronata  <L.)  Kritton.     {\emoi)anth€8  fascicularis  Raf.) 

Xot  rare  in  tamarack  marslios. 
305.    Kuonymus  obovatus  Xutt.     Kiinninp  Strawberry  Bush.     {E,  ameri- 
cuinis  ohorafiis  T.  aiul  G.) 

In  moist  wofxls,  near  liillsides  or  slopes. 
3W.    E.  atropnrinireus  Jacq.    Burning  Bush. 

Oommon  up  Cheri*>'  Cret^k  .unlly  on  flat,  rich  ground. 
307.    Celastrus  scandens  Ia    Bittersweet. 

In  woodlands,  especially  near  the  edp:e«. 
3(>8.    Staphylea  trifolia  L.     Bladdernut. 

Found  arrowing  in  moist,  shady  woods. 
309.    Acer  saccharinum.     Silver  Maple.     (A.  (laxifrarpum  Ehrh.) 

In  moist  situations. 

370.  A.  saccharum  Marsh.    Sugar  Tree.    (A.  saccharinum  Wang.) 

In  dry  ground,  in  woo<llands. 

371.  A.  negundo  1j.    Box  Elder.    {Nci/unde  accroides  Moench.) 

Up  Clear  Creek  valley. 

372.  Aesculus  glabra  Willd.    Ohio  Buckeye. 

A  few  ti*ees  noted,  not  very  near  the  lake. 

373.  Impatiens  a  urea  Muhl.     Pale  Touch-Me-Not. 

Some  plants  noted  some  distance  from  the  lake. 

374.  I.  bitiora  Wall.    Spotte<l  Touch-Mc^Not.    {I .  f viva  ^uti .) 

Common  about  the  lake. 

375.  C-i'anothus  auKM-icanus  I^.    Xew  .Jersey  Tea. 

Abundant  in  dry  sand. 

376.  Vitis  aestivalis  Michx.     Summer  Grape.     Small  Grape. 

Common. 

377.  Vitis  bicolor  LeContiv     Blue  or  Winter  Grape.     (Vitus  aestivatis  var 

hirolor  I.eConte.) 

Common,  but  I  have  seen  very  little  in  fruit. 

378.  Parthenoiissus    (luimiuefolia    «L.)      Virginia    Creeper.      Wild    Ivy. 

(AmiH'Iopsis  qu'iuqucfoUa  Michx. I 
In  woo<llands  and  on  fences. 
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379.  Tllla  americana  L.    Basswood.    Lin. 

Not  very  common;  a  few  trees  seen. 

380.  Malva  rotundlfolla  L.    Common  Mallow  Cheeses. 

Common  in  waste  places,  about  houses,  etc. 

381.  Abutllon  abutilon  (L.)  Rusby.    Velvet  Leaf.    {A,  avicennae  Gaertn.) 

Common  in  rich  grounds. 

382.  Hypericum  prollflcum  L.     Shrubby  St.  John's  Wort. 

Abundant  in  moist  places. 

383.  H.  mutUum  L.    Dwarf  St.  John's  Wort. 

Common  near  the  lake. 

384.  Triadenum   virginicum   L.     Marsh   St  .fohn's  Wort.     (Blades  cam- 

pamdata  Pursh.) 

Abundant  in  marshes. 

385.  Hellanthemum  canadense  (L.)  Mlchx.    Frost  Weed. 

Abundant  on  dry  hills. 

386.  Lechea  villosa  BU.    (L.  major  Michx.) 

Not  rare  on  dry  hills. 

387.  Viola  obliqua  Hill.    Common  Blue  Violet.    (V.  palmata  cucullata.) 

Common. 
38vS.    V.  pedata  L.    Bird's-foot  Violet. 
On  dry  hills. 

389.  V.  blanda  Willd.    Sweet  White  Violet. 

Common  in  tamarack  bogs. 

390.  Decodon  vertioillatus  (L.)  Ell.    Swamp  Loosestrife. 

Common  In  wet  places,  especially  In  a  tamarack  southeast  of 
the  lake. 

391.  Lythrum  alatum  Pursh.    Loosestrife. 

Common  in  the  lake  plain. 

392.  Isnardia  palustris  L.    Water  Purslane.    (Ludtoigia  palnatris  BU.) 

In  ditches  and  pools.    In  CheiTy  Creek. 
398.    L.  alternifolia  L. 

Not  rare  a1>out  a  pond  near  the  lake  plain  and  northeast  of 
the  lake. 

394.  Chamaenrion  angustifolium  (L.l  Scop.    Great  Willow  Herb.    {EpUo- 

bivm  angustifolium  L.) 

Low  grounds  near  Warsaw. 

395.  Epilobium  coloratum  Muhl. 

Common  in  low  flat  grounds. 
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396.    E.  adenocaulon  Haussk. 

A  specimen  collected  bj'  a  student  and  examined  in  the  labora- 
tory was  of  this  species. 
391.    Onagra  biennis  (L.)  Scop.    Common  Evening  Primrose. 

Abundant.     A  patch,  probably  of  recent  introduction,  of  var 
grandiflora  was  found  in  moist  ground  near  Warsaw. 
3J>8.    Knieffia  puniila  (L.)  Spach.     (CEnothera  pumila  L.) 

A  f<'w  plants  found  along  the  Pennsylvania  Railroad. 
390.    Circaea  lutetiana  L.    Enchanter's  Nightshade. 

In  shady  woods. 
4(X>.    (•.  alpina  L.     Smaller  Enchanter's  Nightshade. 

In  nuiist  woods. 
4<H.    Prostn-pinaca  palustris  L.     Merniai<l  Wood. 

Cunniion  in  swamps  near  the  lalvo. 
4(»2.    Myiiopliyllum  verticillntum  L.     Whorle<l  Water  Millfoil. 

Connnon. 
4413.    Aralia  nudicaulis  L.    Wild  Sarsaparilla. 

Found  in  damp  woods. 
404.    Heracleuni  lanatum  Michx.    Cow  Parsnip. 

Connnon  in  wet  grounds. 
4<>r>.    Rr>ngiuin  aquatioum  L.    Button  Snal^eroot.    iH.  ijuccnefoUum  Michx.) 

In  wet  soil  along  the  railroad. 
4^h;.    Sanitiila  niarylandica  L.     Hlaek  Snakeroot. 

In  <lainp  woods. 
407.    Pimi)ini>llM  Integen'ima  (L.i  (xi-ay.     Yellow  Pimp<M'nel. 

Ill  sandy  i>laces. 
4<»8.     Waslilnixioiiia  rlaytoni  iMichx.i  Hritton.     Woolly  Sweet  Cicely.     [Os- 
tnorrhiza  hn  rjsti/lis  I).  C.i 

In  (la nil)  woods. 
4iYX    Siuni  ciriitaefolium  Gmel.     Ilemlook  Water  l*arsnip. 

Al)nndant  south  of  the  lake. 

410.  Cicuta  iiiaculata  L.    Water  Hemlock. 

Coiimmn  in  low  grounds  about  the  lake. 

411.  Deiinga  caihulensis  (L.)  Kuntze.     Ilonewort.    iVnjpotnenia  camalensi^ 

I>.  C.I 

Connnon  in  rich  Avoods. 
411.'.    Hydrcjcotyle  uml>ellata  L.     Marsh  Pennywort. 

Found  within  the  <ounty.  but  not  near  Eagle  Lake. 
11— Aoademy  of  Science. 
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418.    Comus  florida  L.    Flowering  Dogwood. 
In  woods,  frequent. 

414.  C.  amonum.    Mill.    Silky  Cornel.    (C.  sericea  L.) 

A  species,  thought  to  be  this,  common  at  the  edge  of  the  lake. 

415.  C.  stolonifera  MIchx.    Red  Osier  Dogwood. 

Very  common  at  the  edge  of  the  lake. 

416.  C.  candidissima  Marsh.    Panicled  Coniel.    (C.  pani<nil<ita  L*Her.) 

Some  bushes  seen  near  a  marsh  east  of  the  lake. 

417.  C.  alternifolia  L.  f. 

A  few  trees  seen  far  up  Cherry  Creek  gully. 

418.  Xyssa  sylvatica  Marsh.    Sour  Gum. 

A  few  scattered  trees  seen. 

419.  Pyrola  elllptica  Nutt.    Shin  Leaf. 

Seen  in  woods,  on  hillsides. 

420.  Monotropa  uniflora.    Indian  Pipe. 

Scrace,  in  woodlands. 

421.  Andromeda  polifolia  L.    Wild  Rosemary. 

Found  in  a  tamarack  swamp  southeast  of  the  lake. 

422.  Gaylussacia  resinosa  Lam.    Black  Huckleberry. 

At  the  edges  of  woods  in  sandy  soils. 

423.  V.  pallidum   Ait.     Mountain  Blueberry.     V.  ooiymbosum  pallidum 

Gray. 

In  sandy  soils  in  woods. 

424.  Oxycoccus  macrocai-pus  (Ait.)  Pers.    I>arj?e  Cranberry. 

Found  in  tamarack  swamps;  not  common. 

425.  Samolus  floribiindus  H.  B.  K.    Water  Pimpernel. 

Occasional  in  moist  places. 

426.  Lysimachia  terrestrls  (L.)  B.  S.  P.    Bulb-bearing  Loosestrife. 

At  the  edge  of  the  lake  in  various  places. 

427.  Stelronema  ciliatum  (L.)  Raf.    Fringed  Loosestrife. 

Common  in  damp  situations. 

428.  S.  lanceolatuni  (Walt.)  Gray.    Lance-leaved  Tx>osestrife. 

Common  in  wet  places. 

429.  Trientalis  americana  Pursh.    Chickweed.    Wintergreen. 

Found  in  a  tamarack  east  of  the  lake. 

430.  Dodecatheon  meadia  L.    Shooting  Star. 

Found  east  along  the  Pennsylvania  Railnmd. 
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431.  Fraxinus  americana  L.    White  Ash. 

Common  in  woods. 

432.  Sabbatia  angularis  (L.)  Pursh.    Rose-Pink.    . 

Occasional,  open  woods. 

433.  Grentiana  andrewsii  Griseb.    Closed  Gentaln. 

A  few  plants  found  north  of  the  lake. 

434.  Frasera  carolinensis  Walt.    American  Columbo.  * 

Occasional  in  open  woods. 

435.  Bartonia  virgiuica  (L.)  B.  S.  P.    Yellow  Bartonla.    (B.  tenella  Muhl.) 

Found  in  the  county,  but  not  near  Eagle  I-ake. 

436.  Menyanthes  trifoliata  L.    Marsh  Bean. 

In  a  tamarack  northeast  of  the  lake. 

437.  Apocynum  androsaemifolium  L.    Spreading  Dogbane. 

Common  at  the  edges  of  fields. 

438.  A.  cannl)inum  L.    Indian  Hemp. 

In  similar  situations  to  the  preceding. 

439.  Asclepias  tuberosa  L.    Butterfly  Weed. 

Common  in  dry  sandy  places. 

440.  A.  incarnata  L.    SAvamp  Milkweed. 

So  abundant  its  blossoms  give  their  color,  when  in  bloom,  to 
tlio  soutlieni  part  of  the  lake  plain,  in  places. 

441.  A.  syriaca  L.    Common  Milkweed.    {A.  cornuti  Decaisue.) 

Abundant  in  dry  soils. 

442.  Ipomoeca  pandurata  (L.)  Meyer.    Man-of-the- Earth. 

Found  west  of  the  lake. 

443.  Convolvulus  sepium  L.     Hedge  Bindweed.     (C.  sepivm  americanua 

Sims.) 

Common  in  parts  of  the  lake  plain. 

444.  C.  spithnonuis  L.     Upright  Bindweed. 

Coninion   on   tlie  ronnsylvania   Railroad  embankment.     Not 
seen  in  tlower. 

445.  Cuscuta  polyjronoi-uni  Engolm.     Smartweed  Dodder.     (C.  chlorocei'pa 

Engelm.) 

In  moist  grounds  near  the  lake  on  various  plants. 

446.  C.  gronovii  Wllld.    Common  Dodder. 

Common  (►n  various  plants  in  low  places. 

447.  Phlox  pilosa  Iv.    DoAvny  Phlox. 

Not  rare;  found  along  the  Pennsylvania  Railroad. 
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448.  Polemonium  reptans.  L.    Jacob's  I/adder.    Blue  Bells. 

Id  moist,  shady  places. 

449.  Hydrophyllum  appendiculatum  Michx. 

In  various  places  in  damp  woods. 

450.  Cynoglossum  officinale  L.    Hound's  Tongue. 

Common  on  dry,  open  hills. 
461.    Lappula    lappula    (L.)    Karst.      Stickseed.      iKchinos pern  urn   lappul^ 
Lehm.) 

Common  in  open  places. 

452.  L.  virglniana  (I^.)  Greene. 

Common  in  dry  places. 

453.  Lithospermum  arvensc  L.     Corn  Groin  well. 

Not  rare  in  Winona  Park  in  places. 

454.  Verbena  urticifolia  L.    White  Vervain. 

Quite  common. 

455.  V.  hastata  L.    Blue  Vervain. 

Vei-y  abundant  in  low.  flat  places,  at  various  parts  of  the 
lake  plain.  In  places,  its  blossoms  lend  great  blue  unbroken 
stretches  to  the  landscape. 

456.  V.  stricta. 

Common  along  the  railroad. 

457.  V.  bracteosa. 

Some  found  along  the  railroad. 

458.  Teucrium  (\anadense  L.    Wood  Sage. 

Quito  common  in  low  grounds. 
450.    Scutellaria  lateriflora  L.    Mad-dog  Skullcap. 

Common  in  wet  places  in  the  lake  plain. 
4W>.    S.  galericulata  L.    Marsh  Skullcap. 

Quite  common  in  parts  of  the  lake  plain. 

461.  Marrubium  vulgare  L.    White  Horehound. 

Common  on  a  bank  about  a  mile  up  Cherry  C^eek. 

462.  Agastaclie  nepetoides  (L.)  Kuntze.    Giant  Hyssop.    {Lfjphanthug  nepe- 

toides  Benth.) 

Some  plants  found  in  the  county  uip  by  Chapman's  Lake). 

463.  A.    8c-i*ophulariaefolla    rwilld.)    Kuntze.      Figwort.      Giant    Hyssop. 

{Lophanthrs  mrrophuJariaefolina  Benth.) 
In  dry  soils  near  E2agle  liake. 
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464.  Nepeta  cataria  L.    Catnip. 

Conimon  in  dry  soil. 

465.  Stachys  palustris  L.    Common  Hedfi^e  Nettle. 

Common  in  damp  soil. 

466.  Monarda  fistulosa  L.    Hoi-semint.    Wild  Berjjamot. 

Common  on  dry  hills. 

467.  M.  punctata  L.    Spotted  Horsemint. 

A  few  patches  along  the  Peuusylvauia  Railroad. 

468.  Blephilia  hirsuta  (Pursh.)  Torr. 

Abundant  in  woods  near  Clear  Lake  gully. 
4<)9.    Koellia    virginiana    (L.)    MacM.     Mountain    Mint.      {Pyenanthemum 
lanceoJatHm  pursh.) 

Abundant,  especially  in  low,  flat  places,  and  parts  of  the  lake 
plain. 

470.  Lycopus  amerieanus  Muhl.    Cut-leaved  Water  Horehound.    (L.  «inii- 

iitus  Ell.) 

In  various  places  along  the  shore  of  the  lake. 

471.  Mentha  spicata  L.    Spearmint. 

A  large  patch  noted  in  a  low  place  along  the  Pierceton  Road. 

472.  M.  piperita  L.     Peppermint. 

Rather  common  in  moist  places. 

473.  M.  caJiadensis  L.    Wild  Mint. 

Quite  common  in  moist  places. 

474.  M.  rotundifolia. 

A  patch  of  this  near  the  station  at  Winona  I-ake, 

475.  Collinsouia  canadensis.     Horsebalm. 

In  moist  soil  near  Chapman's  Lake. 

476.  Physiilis  pubescens  L.     Ix>w  HaiiT  Ground  Cherry. 

Abundant  in  dry  soils. 

477.  I',  lanceolate  Miclix.    Prairie  Ground  Cherry. 

Rath(»r  common  in  dry  soils. 

478.  SolaJiuni  nigrum.    Black  Nightshade. 

Scattered  in  dry  soils. 

479.  S.  carolinense  L.    Horse  Nettle. 

Found  along  the  railroad. 

480.  S.  dulcamara  L.    Bittersw^eet.    Nightshade. 

A  few  plants  found  along  the  south  shore  of  the  lake. 
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481.  Datura  tatula  L.    Purple-stemmed  Jimson. 

Common  in  waste  places,  about  barnyards. 

482.  Verbascum  thai>su8  L.    Common  Mullein. 

Common  in  dry  places. 

483.  V.  blattaria  L.    Moth  Mullein. 

In  dry  places;  not  so  common  as  the  preceding. 

484.  Scrophularia  marylandica  L.    Pilewort.  {8,  nodosa  marylandUxi  Gray.) 

Common  in  dry  places. 

485.  Chelone  glabra  L.    Snake-head.    Turtle-head. 

Common  in  moist  or  wet  places. 

486.  Mimulua  ringens  L.    Monkey  Flower. 

Common  in  low  places,  especially  abundant  about  the  Market- , 
street  pond. 

487.  Ilysanthes   gratioloidcs   (L.)   Benth.     False   PimptMuel.    (/.   liparia 

Raf.) 

Common  in  wet  places. 

488.  Veronica  auagallis  aquatica  U    Water  Speedwell. 

Scattered,  in  wot  places. 

489.  V.  officinalis  Jj.    Common  Speedwell. 

In  various  placets  In  the  Assembly  grounds. 

490.  V.  serpyllifolia  T..    Thyme-leaved  Speedwell. 

In  optMi  pla<o.s,  in  di-y  soil,  common. 

491.  V.  peregrina  L.    Purslane  Speedwell. 

Common  in  cultivated  places. 

492.  Leptandni  virginica   (L.)   Nutt.     Culvoi's   Root.     (Veronica  virghiica 

Nutt.) 

Growing  in  clumps.  In  mofst  soils. 

493.  Afzelia  macrophylla  (Nutt.)  Kuntze.     Mullein  Foxglove.     {Heynieria 

macrophyUa  Nutt) 

In  woods,  near  Hamilton  Mound. 

494.  Dasystoma  flava    (Jj.)   Wood.     Downy   False   Foxglove.     {Gmirdia 

flava  L.) 

Not  rare  in  dry  woods. 

495.  D.   virglnica   (L.)   Britton.     Oak-leaved   False   Foxglove.     {GetanUa 

quercifoUa  Fursh.) 

Common  In  dry  woods. 

496.  Gcrardia  purpurea  L.    Large  Furple  Gei*ardia. 

Common  in  low  places  and  in  parts  of  the  lake  plain. 
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497.  Utricularia  vulgaris  L.    Greater  Bladderwort. 

Abundant  in  ditches  alon^  the  railroad  and  In  Market-street 
pond;  some,  but  not  very  abundant,  in  the  neck  of  Eagle  Lfake. 

498.  U.  Intermedia  Hayne.    Flat-leaved  Bladderwort. 

Common  in  the  lake  plain  south  of  the  neck  of  the  lake,  and 
in  a  flat  about  one- half  mile  southeast  of  the  lake. 
409.    Leptamnium  virginianum   (L.)   Raf.     Beech-drops.     {Epiphegtis  Vir- 
ginia na  L.) 

Some  found  in  dry  woods  south  of  Eagle  I^ke,  near  Clear 
Creek. 

500.  Phryma  leptostachya  L.    Lopseed. 

Common  in  moist  woodlands. 

501.  Plantago  rugelli.Decaisne.    Rugel's  Plantain. 

In  cultivated  grounds,  common. 

502.  P.  lanceolata  L.    EngUsh  Plantain. 

Not  veiy  common;  found  in  cultivate<l  fields. 

503.  Cephalanthus  occidentalis  L,    Button  Bush. 

Common  near  the  lake  on  the  lake  plain  at  various  places,  and 
at  the  edge  of  woodland  ponds. 

504.  Galium  aparine  L.    Cleavers. 

Found  in  damp  places  up  Cherry  Creek  valley. 

505.  G.  circaezans  Michx.    Wild  Liquorice. 

Common  in  dry  woods. 

506.  G.  tritidum  L.    Small  Bedstraw. 

Found  iu  flat,  damp  places;  some  at  the  outer  edge  of  the  lake 
plain. 

507.  G.  asperollum  Miolix. 

Sonio  found  oast  of  Eagle  Lake. 

508.  Sambucus  caiindensis  L.    Elder. 

Katlior  coiiiinon  in  clumps  in  open  places,  or  more  scattered  in 
low,  (lanij)  woods. 

509.  Viburnum  accrfolium  L.    Maple-leaved  ViVmrm. 

Found  Ki'owiug  in  forests,  rather  common, 

510.  v.  lenta^o.    Shcepberry. 

Grows  along  the  soutli  side  of  the  lake. 

511.  Triosteuni  perfoliatum  L.     Horse  <Jentian. 

Some  found  in  open  pla<es. 
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512.  liODieera  lilrsuta  Eaton.    Hairy  Honeysuckle. 

Founil,  but  not  in  flower,  in  the  tamarack  northeast  of  the 
lake. 

513.  Micranipells  lobata  (MIchx.)  (i^reene.    Wild  Cucumber.    {EcMnocyatis 

lobata,  Torr.  and  Gray.) 

Common  in  damp  plat'cs  and  parts  of  the  lake  plain. 

514.  Companula  ai)arinoideR  I^urgh.    Marsh  Bell-flower. 

Common  in  parts  of  the  lake  plain. 

515.  O.  americana  Li    Tall  Bellflower. 

Common  in  woods. 

516.  T^gouzla  perfollata  (L.)  Britton.    Venus's  liOoklng-glass. 

In  oi)en  sandy  soil. 

517.  Lobelia  cardlnalis  U    Cardinal  Flower. 

Common  in  damp  situations. 

518.  L.  syphiliUca  li.    Great  Lobelia. 

Very  common  in  the  lake  plain  and  damp  gi-ounds  elsewhere. 

519.  L.  leptostachys  A.     D.  C. 

In  dry  sandy  soils,  in  open  placi^s. 

520.  L.  kalmii  L. 

Common  in  the  lake  plain. 

521.  Oichorium  intybus  li.    Chicory. 

Escaped  cultivation  in  variouB  places. 

522.  Adopogon   vlrglnicum   (L.)   Kuntze.     Virginia  Goatsboard.     {Krigia 

ampl€J?U'uhni8  Nutt.) 

Not  rare  in  open  woods. 

523.  Taraxacum  taraxacum  (L.)  Karst.    Dandelion.    (1\  otticinale  Weber.) 

C-ommon  everywhere. 

524.  Lactuca  scariola  L.    Prickly  I-rCttuce. 

Common  in  waste  places. 

525.  Ia  canadensis  L.    Wild  lettuce. 

(.'Ommou. 
520.    L.  spicata  (I^m.)  Ilitchk.     Fall  Blue  Lettuce. 
Not  common,  found  in  moist  rich  soil. 

527.  Hieraclum  sea  brum  Miclix.    Hough  Hawkweed. 

Scattered  in  dry  woodlands. 

528.  H.  gronovii  L.    Hairy  Hawkweed. 

In  dry  open  woodlands. 
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529.  ADi1>ro»ia  trifida  L.    Groat  Ragweed.    Horseweed. 

Found  in  moist  rich  soil. 

530.  A.  arteniisiaefolia  L.    Ragweed. 

( ■omnion,  especially  along  roadsides. 

531.  Xantliinm  strnmanum  L.    Cooklebur. 

Common  in  rich  moist  places. 

532.  Vernonia   gigant(s*i    (Walt.)   Britton.     Tall    Ironweed.     (F.   altiasima 

Nutt.) 

Common  in  moist  rich  soils. 

533.  V.  fasciculata  Michx.    Western  Ironweed. 

Common  in  oi>en  places. 

534.  Eupatorhim  purpnrenm  L.    Joe-I*ye-Weed. 

Very  common  in  moist  i)laces,  especially  on  the  southern  lake 
plain. 

535.  E.  perfoliatum  L.    Kon+^set. 

Common  in  moist  ground. 

536.  I>acinaria  scarlosa  (I..)  Hill.     Large  Blazing  Star.     (Liatris  scariosa 

Willd.) 

Not  common.    Found  along  the  railroad. 

537.  \j.  spicata  (li.)  Kuntze.    lAatriH  sp^icata  Willd.) 

Quite  common  in  parts  of  the  lake  plain,  especially  the  south- 
eafitern  part. 

538.  Solidago  caesia  L.    Blue-stemme<l  (iolden  Ro<l. 

In  moist  woo<llands. 

539.  S.  ulmifolia  Mulil.    Elm-leave<l  (iolden  Rod. 

Common  in  open  places. 

540.  S.  canadensis  L.    ( -anada  Golden  RcmI. 

Common  in  ilry  soils, 

541.  S.  n^^moralis  Ait.    Field  Golden  Rod. 

Quite  abundant  in  open  places. 

542.  S.  riddelli  Frank. 

Not  rare  in  iiortions  of  the  lake  plain. 

543.  Euthamia  graminifolia  (L.)  Xutt.     Fragrant  (Tolden  Rod.     iSolidfujo 

latircolata  L.) 

Common  in  low  grounds. 

544.  Aster  macrophyllus  L.    I^rgc^leave<i  Aster. 

A  few  plants  foimd  along  the  bluff,  north  of  Cherrj*  Creek. 
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545.    A.  shortii  Hook. 

Common  in  dry,  open  places. 
540.    A.  nova-angliae  L. 

Common  along  the  railroad. 

547.  A.  ericoides  L.    White  Heath  Aster. 

Common  along  the  railroad. 

548.  £2rigeron  aunnus  (L.)  Petrs.    Daisy  Fleabone. 

An  abundant  weed  in  fields. 

549.  Leptilon  canadense  (L.)  Britton.    Horseweed.  (Erigeron  catiadensis  L.» 

Common  in  open  places. 

550.  Antennaria  plan tiglni folia  (L.)  Richards.    Plantain-leaved  Everlast- 

ing. 

Quite  common  in  dry  places  and  open  woods. 

551.  Gnaphalium  oblusifolium  L.    Common  Everlasting.    {0,  polycephalum 

Michx.) 

Common  in  dry  places. 

552.  Sllphium  perfoliatum  L.    Cup  Plant. 

Some  found  in  low,  rich  ground  up  Cherry  Creek. 

553.  S.  integrifolium  Michx.    Entire- leafed  Rosinweed. 

Rather  common  in  low  places  along  the  railroad. 

554.  S.  terebintliinaceum  .Tacq.    Prairie-dock. 

Not  rare  in  damp  places. 

555.  Heliopsis  scabra  Diinal.    Rough  Ox-eye. 

A  few  scattered  patcilics  noted  in  dry  places. 
550.    Rudbeckia  liirta  L.     Bhick-eyed  Susan. 

Common  in  both  dry  and  moist  soil. 

557.  R.  laciniata  U    Tall  Cone  Flowt^r. 

A  few  plants  noted;  grows  in  moist  ground. 

558.  Ratlbida  plnnata  (Vent)  Barnhart.    Gray-headed  Cone  Flower.    (Le- 

pachys  p  inn  at  a  T.  and  G.) 

Rather  common  along  roadsides. 

559.  Helianthus  glgauteus  L.    Giant  Sunflower. 

Common  and  widely  scattered  in  moist  rich  soil. 

560.  H.  divaricatus  L.    Rough  Sunflower. 

Common  in  dry  woods. 

561.  Verbesina  alterni folia  (L.)  Brit  ion.     (Actinomei'is  squarrosa  Nutt.) 

Not  rare  in  low  Avoods. 
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502.    Coreopsis  tripteris  L.    Tall  TIckseed. 

Some  noted  in  open  waste  places. 

563.  Bidens  connata  Muhl.    Swamp  Beggar  Ticks. 

Common  in  wet  places. 

564.  B.  f  rondosa  L.    Common  Beggar  Ticks. 

Common,  especially  in  moist  soil. 

565.  B.  trichospoiina  (Michx.)  Britton.    Tall  Tiokseed  Sunflower.    {Coreop- 

sis trichospfiina  Michx.) 

VcMy  common  in  some  swamj^s:  sometimes  .lie  flowers  make 
tlie  whole  landscape  yellow. 

566.  Ilelenium  autumnale  L.    Sneezeweed. 

Common  along  the  lake  shore. 

567.  Achillea  millefolium  L,     Yarrow. 

Common  in  old  orchards. 

568.  Antliemis  ootula  L.     Dog-fennel. 

In  dry  soils  in  waste  places. 

569.  Chrj'santhemum  leucanthemum  L.    Ox-eye  Daisy. 

Some  plants  found  in  dry  soil. 

570.  Erechtites  hieracifolia  <L.)  Kaf.     Fire  Weed. 

Not  rare  in  open  woods. 

571.  Mcsadenia  atriplicifolia   (L.)   Itaf.     Pale  Indian  Plantain.     {CacaJia 

atrijilicipoUa  L.» 

Some  plants  noted  up  Cherry  Creek  in  dry  soil. 

572.  M.  tuherosa  Nutt. 

A  few  plants  noted  in  hoggy  ground  southeast  of  Eagle  Lake. 

573.  Arctium  lappa  L.    Burdock, 

romnioii  in  waste  places  and  al)out  dwellings. 

574.  Carduiis  Innccolatus  L.    Common  Thistle,    {('nicus  lanceolatus  Wiild.) 

Common  everywhere  in  open  and  waste  places. 

575.  C.  altissinius  L.    Tall  or  Roadside  Thistle.     [C ulcus  altissimus  Willd.) 

Rather  common  in  oi)en  and  waste  places. 

576.  C.  muticus  (Michx.)  Pers.    Swamp  Thistle.     (Criicus  rnuticus  Pursh.) 

Comnioii  in  swampy  uround. 

577.  C.  arvensis  d..)  Robs.    Canada  Thistle.    (Ciiicus  nncnsis  Hofl'.) 

A  la  rue  patch  in  a  pasture  one- fourth  mile  east  of  the  lake. 
Plants  scattered  at  various  places  about  the  region  of  the  lake. 
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ADDITIONS  AND  CH)RRBCmONS. 

578.    Anaphalis  margaritjicea  (L.)  Benth.  and  Hook.     Pearly  Everlasting. 
(Antennaria  margaritacea  Hook.) 

Scattered,  In  dry  places.  Out  of  flower  during  the  season  at 
Eagle  Liake,  but  noted,  and  found  and  determined  in  subsequent 
work.  The  patcii  of  Mentha  rotundifolia  was  noted  too  late  to 
press,  so  the  identification  is  doubtful. 

SUMMAKY. 

The  area  included  within  a  lino  along  the  creet  of  the  hills  surrounding 
E)agle  Lake  presents  for  study  a  remarkable  variety  of  conditions  and 
ecological  regions,  as  (1)  uplan4l  forest,  with  native  trees  and  shrubs;  (2) 
cleared  and  abandoned  upland  with  the  flora  that  has  subsequently  taken 
possession;  (3)  creek,  valleys  and  gullies,  with  their  peculiar  soil  and  flora; 
(4)  railroad  and  introduced  flora;  (5)  lowland  forest;  Oi)  lake  plainT  (7) 
taniarack  swamp;  (8)  ponds,  temporary  and  permanent,  and  quaking  bogs 
and  bayous;  (9)  ice  ridge;  (10)  beach;  (11)  the  lake,  with  several  zones  of 
plants. 

The  upland  forest  is  much  like  forests  in  general  thiH)Ughout  Northern 
Indiana.  In  some  places  there  is  underbrush  and  herbs,  in  others  a  thick 
carpet  of  dried  leaves.  The  soil  is  sandy,  and  many  of  the  herbs  of 
xerophytic  habit.    Fungi  are  abundant. 

The  cleared  land  is  covered  with  sassafras,  sumac,  scrub  oaks,  Russian 
mulbeny  and  s(»  on.  Many  mat  plants  are  present,  and  there  is  a  tendency 
of  various  species  of  herbs  to  occupy  exclusively  the  ground  they  grow  on. 
Among  these  plants  are  five-finger  and  dewberry.  Just  at  the  base  of  the 
slopes  Fimhristylis  is  abundant 

Creek  valleys  and  gullies  have  a  peculiar  flora  on  tlieir  slopes,  and  also 
in  the  rich  alluvial  soil  of  their  bottoms.  In  many  cases  they  resemble 
extensions  of  the  lake  plain.  Among  many  cliaracteiistic  plants  are  skunk 
cabbage,  Canocephalutf,  Blephilia,  and  so  on. 

The  railroad  has  an  interesting  introduced  fiora  of  wild  lupine.  Salsola 
k<jili,  squirrel-tail  grass,  white  amaranth,  and  many  other  species. 

The  Lowland  Forest,  a  dense,  tangly  jungle  with  a  rich  sandy  loam 
soil,  contains  numerous  and  interesting  species.  Quaking  asp,  elm  and 
sycamore  are  representative  trees.  The  herbs  are  various,  rank,  shade  and 
moisture  loving  species. 
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The  lake  plain  is  a  perfectly  flat  area  composed  of  muck  and  marl. 
In  many  places  it  is  covered  with  copses  of  low  willows,  Comus,  Gepha- 
JanthuH  ^p'nra  and  Carolina  rose,  and  this  is  perhaps  its  original  form.  lu 
other  places  it  is  a  sedgy  meadow.  Peculiarities  are  (1)  the  distribution 
of  plant  species  in  horizontal  strata,  as,  bushes  above,  then  sedges,  then 
fi*ms,  ajid  lower,  mosses  and  Selaginella.  (2)  The  flora  is  so  crowded  that 
when  a  predominant  species  is  in  flower  it  frequently  gives  its  tint  to  the 
Avhole  landscape,  so  we  have  a  succession  of  "color  waves"  during  the 
y**ar,  as  the  blue  of  blue  vervain,  deep  purple  of  Lyihrum  alatum,  light 
purple  of  swamp  milkweed  or  joe-pye-weed,  brown  of  Oamunda  regalis, 
or  yellow  of  tickseed  sunflower  or  Rudbeckia. 

The  tamarack  was  nearly  extinct,  but  others  near  by  showed  probable 
former  flora  of  sphagnum,  pitcher  plants  and  an  interesting  assortment  of 
heaths  and  orcliids. 

Temporary  woodland  ponds  are  mostly  bare  of  bottom  except  for  dead 
leaves  and  some  shrubs  and  Avater  crowfoot.  The  temporary  ponds  in  the 
open  are  overgrown  Avith  Scirpus  cyperineus  and  various  species  of  Eleo- 
iharis.  These  temporary  ponds  are  interesting  as  tliey  contain  plants  show- 
ing seasonal  dimoii)hi8m,  an  aquatic  form  during  wet  seasons  and  a  land 
form  during  dry  periods  of  the  year.  They  also  contain  plants,  the  lower 
braves  of  whicli  are  fitted  to  submersed  life,  and  the  upper  to  aerial  life,  as 
water  parsnips  and  water  crowfoot. 

Permanent  ponds,  quaking  bogs  and  bayous  are  similar  to  the  lake, 
i^xcept  that  they  contain  a  greater  number  and  variety  of 'duckweeds. 

The  Ice  Ridge  is  interesting  in  many  Avays,  but  does  not  contain  many 
plants  peculiar  to  itself. 

The  Beacli  contains  a  mixed  flora.  Sometimes  its  flora  is  of  such  plants 
as  Scirpus  Amerimuus  or  various  Kleochari,  sometimes  it  is  seedlings  of 
elms,  maples,  etc.,  whicli  liave  lioen  deposited  by  waves. 

The  lake  has  several  zones  ot  plants.  Near  the  shore  and  extending 
l>oth  ways  are  plants  with  well  marked  dimuri^hism— a  Avell  develoiKMl 
land  form,  and  an  acjuatio  form.  Among  such  plants  are.  spatterdock, 
white  water  lily.  Ctricularia  intermedia,  water  plantain,  Hetcranthera 
dubia.  iwu]  many  oiliers.  S<'irin(f<  lacnstris  has  two  well  marked  forms 
which  frc.iiienlly  ;:row  side  l»y  side  and  form  a  distinct  contrast.  At  other 
I»laces  what  appear  to  be  intermediate  forms  are  foimd.  Many  of  the  Pota- 
mugetuns  have  eiuinseil  leaves  dissimilar  in  form  and  structure  from  the 
submersed  ones.    .Vmong  the  various  zones  of  plants  are: 


192 

(1)  The  shore  plants,  as  some  species  of  EleocharU, 

(2)  Aquatic  with  emersed  leaves  (or  culms)  as  Sdrpus  lacustris,  spat- 

terdock,  water  lilies  and  pontederia,  also  many  fMtamogetona. 

(3)  Short  stemmed  aquatics;  species  near  shore  as  Naias  and  species  of 

Chara  and  Nitella, 

(4)  Long  stemmed  aquatics,  in  deep  water,  as  various  PotamogeUms, 

Cef'atophyllum  and  Myriophyllunu 

(5)  Beyond  these  Phanerogams,  and  intermixed  with  them,  are  the 

Algae. 

The  lake  disseminates  such  winged  seeds  as  those  of  elm  and  maple^ 
and  sows  them  on  the  beach. 

Various  water  plants,  as  Sdrpus  and  species  of  Potatnogeton,  protect 
the  shore  from  waves.  They  also  serve  as  points  for  the  attachment  of 
various  organisms. 


I).     The  Plant  Ecology  of  Winona  Lake. 
Lucy  Youse. 

In  the  following  discussion  of  plant  societies  and  their  distribution 
about  Winona  I-,ake,  Warming's  system  of  classification  of  plant  societies 
will  be  used.  This  system  of  classification,  now  in  general  use  by  botan- 
ists, groups  plants,  ex<.*opt  in  the  case  of  salt  plants,  on  the  basis  of  their 
relation  to  moisture.  He  distinguishes  the  following  types:  Xerophytes, 
those  requiring  least  moisture;  hydrophytes,  those  requiring  most; 
mesophytes,  tliose  of  medium  moisture  conditions;  and  halophytes,  plants 
of  alkaline  soil  or  salt  water. 

Many  things  besides  climate  help  to  determine  the  amount  of  moisture. 
The  quality  of  the  soil  has  a  marked  influence  upon  the  water  content; 
clay,  for  instance,  holds  water  and  sand  does  not.  Of  all  such  factors,  the 
topography  of  the  country,  since  it  plays  so  important  a  part  in  determin- 
ing not  only  the  drainage  and  the  humus  content  of  the  soil,  but  also 
exposure  to  the  wind,  to  light  and  to  heat,  is  held  by  some  to  be  more  im- 
portant even  than  surface  geology  in  its  influence  upon  the  character  of 
the  vegetation.  Dr.  Henry  C.  Cowles,  in  his  report  upon  the  plant  societies 
of  Chicago  and  vicinity,  has  shown  this  influence  to  be  secondary  to  that 
of  topography.  In  his  discussion  of  the  same  he  says:  "The  flora  of  a 
youthful  topography  in  limestone,  so  far  as  the  author  has  observed,  more 
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closely  resembles  the  flora  of  a  similar  stage  in  sainlstone  than  a  young 
limestone  topography  resembles  an  old  llme&tone  topography.  A  limestone 
ravine  resembles  a  sandstone  ravine  far  more  than  a  limestone  ravine  re- 
sembles an  exposed  limestone  bluff,  or  a  sandstone  ravine  resembles  an 
exposed  sandstone  bluff.  We  may  make  the  above  statements  In  another 
form.  Rock  as  such  or  even  the  soil  which  comes  from  it,  is  of  less  im- 
portance in  determining  vegetation  than  are  the  aerial  conditions,  es- 
pecially exposure.  And  it  is  the  stage  reached  by  the  evolution  of  the  to- 
pograpliy  whicli  determines  the  exposure." 

Much  might  be  said  on  this  subject  of  the  chemistry  versus  the  physics 
of  the  soil.  It  is  discussed  by  both  Schimper  and  Warming,  and  even  tlie 
latter  says  that  the  chemistry  of  the  soil  best  accounts  for  the  halophytes. 
In  making  observations  and  recording  experiments  both  sides  ol  the  ques- 
tion must  l>e  kept  in  mind  if  our  conclusions  are  to  be  accurate. 

The  soil,  or  edaphic  influence  is  local,  and  is  in  direct  contrast  to  that 
of  climate  which  is  widespread.  To  the  latter  are  due  our  pineries  of  the 
north  and  also  our  own  growth  of  deciduous  trees.  Beech-maple-hemlock 
forests,  tlie  climax  type,  toward  wliich,  it  may  be  said,  everything  is  tend- 
ing, are  climatic.  Oak  societies,  on  the  ol:her  hand,  are  a  predominant  but 
not  permanent  feature  of  Winona  Lake,  and  the  conifers  of  the  Atlantic 
coast  are  edaphic,  l)eing  due  to  soil  or  local  atmospheric  conditions.  The 
first  plant  societies  of  a  region  are  the  result  of  extreme  or  pronounced  local 
conditions  and  are  edaphic.  Less  pronoun^^d  conditions  gradually  obtain 
and  wo  have  climatic  types.  And  even  then  the  types  are  not  permanent, 
for  we  have  climatic  changes.  The  earth  is  perhaps  gradually  growing 
colder  and  a  period  of  glaciation  may  be  approaching.  Beech  fossils  in 
Swe<len  sliow  tlie  former  existence  of  beech  forests  in  a  region  which  is 
now  too  cold  for  their  growth. 

It  is  the  purpose  of  the  author  to  indicate  some  of  the  changes  which 
are  now  taking  jWace  in  tlie  recrion  under  discussion  and  to  show  how 
edaphic  are  giving  way  to  climatic  influences  as  the  territory  develops  from 
youth  to  maturity. 

Crustal  movements  and  erosion,  with  its  consequent  deposition,  must 
be  taken  into  account.  By  erosion  we  have  the  constant  wearing  away 
of  hills,  wliich  is  retarded  in  no  small  degree  by  the  vegetation  growing 
upon  them  and  the  deposit  at  a  lower  level  of  the  material  carried  away. 
By  this  process,  which  is  hastened  by  the  decay  of  plants,  in  swamp  and 
lake,  xerophytic  hills  and  hydrophytic  lowlands  both  become  more  meso- 
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phytic  and  a  planation  called  base  level  is  approached.  This  planation 
is  interfered  with  by  crustal  movements.  If  the  movement  be  upward, 
tlie  mesophytic  development  of  hills  is  retarded  while  that  of  the  swamp 
is  hastened.  A  downward  movement,  on  the  other  hand,  would  hasten 
the  mesophytic  development  of  upland  and  retard  that  of  the  lowland. 
From  tliis,  it  will  be  seen  that  the  ultimate  tendency,  at  least  in  this 
climate,  is  toward  the  mesophytic  condition.  Whether  the  change  is  slow 
or  rapid  is  determined  by  the  locality  in  which  it  occurs.  A  granite  hill 
develops  much  more  slowly  than  a  morainic  region  like  that  about  Winona 
Lake. 

Here  we  have  the  "knob  and  kettle  liole"  lake  and  swamp  of  the  termi- 
nal moraine.  The  soil  is  that  attendant  upon  such  a  region,  a  mixtm'e  of 
.sand,  gravel  and  clay,  with  liere  and  there  a  predominance  of  sand  or  clay. 
tlie  whole  being  varied  by  strettlies  of  the  muck  of  the  swamp  and  the 
sand  of  the  beach. 

There  arc  probal)ly  three  main  types  of  vegetation— the  hydrophytic  t>r 
semi-hydropliytic  societies  of  lake  and  swamp,  the  xerophytic  or  semi- 
xei'opliytic  of  tlie  morainic  uplands,  and  the  mesophytic  along  the 
streams.  In  reality  we  have  various  combinations  of  these  types  and  the 
(lifTerent  plant  .societies  are  not  limited  to  the  respective  toix>praphic  forms 
as  indicated,  since  tlie  region  shows  marked  evidence  of  development 
Toward  the  climax  type. 

1.  The  Lake. -There  are  all  gradations  in  the  "kettle  liole"  in  the  im- 
mediate vicinity  of  Lake  Winona,  from  tlie  lake  itself  to  the  various  un- 
draiiiod  and  half-drained  swamps  scattered  here  and  there  about  the  mar- 
gin of  the  lake  and  representing  old  ponds  which  have  gradually  bec*ome 
rilled  up  by  the  encroachment  of  vegetation  upon  them. 

Where  the  vegetation  in  the  lake  is  most  luxuriant,  we  find,  In  the 
<nitermost  zone.  Nymphaea  odorata  and  Nuphar  advena  (the  white  and  yel- 
low water  lilies):  next,  Pontederia  cordata  nnckerel  weed),  and  nearei* 
the  shore  the  bulrushes  (Scirpus  lacustris  and  S<^'irpus  pungens).  A  num- 
ber of  Ki)ecies  of  Totaniogetons  are  found  among  all  of  these,  in  some 
l)laces  reaching  far  out  into  the  lake.  At  the  mouth  of  Cherry  Greek 
Totumogeton  fluitans  pre<lomi nates,  with  Potamogentons  pectinatus,  Pota- 
niogeton  zosteraefolius  and  one  or  two  oilier  species  nearby,  togetlier  with 
Hydrophyllum  (water  inilfoili  and  Ceratophylluni  (hornwort).  In  this  so- 
<iety  Chara  has  a  place  l)y  no  means  uninipoii;ant.  It  is  especially  promi- 
iu»nt  in  the  northwest  arm  of  the  lake,  which,  in  its  luxuriant  growth 
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of  vopetntioii,  lieantifull.v  illustrateK  the  ultimate  fate  of  the  entire  liody 
of  water.  Tlie  outlet,  which  flow  from  tliis  arm  at  its  soutliei'ii  end.  has 
iMMome  so  tlionnijrhly  tliolitMl  up  witli  vejretation  at  its  iK^f^inniuK  that  the 
water  lias  ;in»wn  almost  stajifiiant  ami  the  lake  flora  is  jjradually  working 
its  way  up  the  stream.  Fijr.  1  shows  i)art  of  this  arm  in  the  left  fore- 
.utouimI  ami  tiie  lilies  at  the  entrance  to  the  outlet.  With  the  excepti<m  of 
this  arm  the  lake  vegetation  is  most  luxuriant  near  the  southwest  shore. 


Fifp.  1.  View  acros?:  the  lai<c  to  tho  eaj«t.  Tho  irenernl  bn?in  form  is  (iii<tinguis)u'(l.  The 
hiffhlnnd^  cnn  be  seen  in  the  btickKruuiHl.  TonKuip  of  land  are  scin  bcinir  reelaimed  from 
the  hike  bottom.  On  the  right  is  the  outlet  to  the  Tippecanoe.  Zonci*  of  white  nnd  yellow 
water  lilies  in  the  rorcground,  followed  by  eat-tails  anil  lodges.  Zone."  of  willows,  Carolina 
rose  and  o.cier  dogwoi»d  are  in  the  center,  while  to  the  riirht  is  an  oak  and  hickory  forest. 
On  the  left  is  a  swamp  menilow. 


This  is  perhaps  exidaiiUMl  hy  the  fact  that  the  winds  in  this  rejjiou  are 
from  the  southwest,  'i'he  jrreatesi  wash  of  the  waves  is  toward  the  east 
ami  mjrtheasi.  and  here,  as  we  mi^rht  exp<H*t.  we  And  the  jjreatest  dearth 
of  plants  an*l  plant  jri'owth.  This  southwest  beach  is  overlaid  with  muck, 
a  natural  result  of  the  decay  of  plants  alonjr  its  nnir>;in. 

At  some  places  around  the  lake,  notably  in  the  same  arm.  the  bul- 
rushes are  followtnl  by  the  cat-tails  <T>-i>ha  latifolia»  with  sedpes  and 
grasses  on  the  sluire  lK»yond.     This  18  nhown  in  Flff.  1,  at  the  left.     Oa 


the  south  shore,  however,  where  the  hind  Is  rnised  by  an  lee  beach, 
the  hike  is  liordertnl  by  the  button  bush  (Cephalanthus  occidentalis),  osier 
dogwocHl  (Cornus  stolonifera).  Uosa  Carolina,  Cottonwood  (Populus  moni- 
lifera)  and  willow.  A  region  similar  in  vegetation  is  shown  in  Fig.  2. 
This  succession  of  societies  is  carrie<l  a  step  further  on  the  west  shore 
of  the  lake  southwest  of  Yamelle's  landing.  In  addition  to  the  foregoing 
are  swamp  white  oak  (Quercus  bicolor).  silver  maple  (Acer  dasycarpum). 


Fig.  2.  View  acrost<  lake  from  Yamelle's  landinR.  The  basin  effect  is  more  apparent 
here.  The  transition  in  veiretative  types  is  very  rapid  at  thiM  point,  owing  to  the  somewhat 
abrupt  rise  in  the  topography.  It  quickly  pas^ei)  from  hydrophytic  through  the  marsh  stage 
to  mesophytic.  On  the  shore,  zones  of  the  button  bush  and  osier  dogwood  are  followed  by 
those  of  Carolina  rose,  willow  and,  lastly,  elm.  The  coming  of  this  tree  means  permanent 
(conditions  looking  to  the  mesophytic  types. 

^nd  sycamore  (Platanus  (KH'id  en  talis).  The  land  adjoining  this  on  the 
west,  which  is  slightly  elevated  and  better  drained,  and  which  might 
^how  a  still  higher  stage  of  development,  has  been  cleared  and  cultivated. 
^  we  must  look  toward  the  south  where  the  hand  of  man  has  not 
Interfered  with  the  work  of  nature.  Here,  as  we  might  expect,  in  the 
same  relation  as  to  position,  that  is  a  step  further  from  the  lake,  higher, 
drier,  and  well  dniined,  we  lind  the  hazel  (Corylus  Americana),  the  grape, 
^Iayapple   (Po<lophyUum   peltatum.i.   Catnip   (Nepeta   Cataria),   Smilacina 
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rncenioKa.  and  the  Elder  (SaiubucuH  CanadeiiHls).  This  inesophytle  strip 
forms  a  zone  of  tension  between  tlie  more  nearly  hydrophytlc  beach  and 
the  seml-xerophytic  hill  adjoining  on  the  west.  At  Yarnf'lle's  landing, 
north  of  the  dredjre.  where  the  land  rises  quite  suddenly  from  the  water's 
edge,  joininj?  the  hills  a  short  distance  beyoiul,  there  are  tH)miMiratlvely 
few  willows.  The  syt-a  mores  and  cotton  woods  of  the  shore  are  accom- 
panied by  the  aspens  (Populus  tremuloides).  the  elm  lUlmus  Americana), 
black  haw  (Vil)urnuni  prunifolium),  the  hickory  and  Sassafras  officinale. 
Closely  adjoin  inj:  are  the  may  apple.  ja'ai)e,  red  bud  (Cercis  Canadensis), 
and  prickly  ash  (Xanthoxylum  Americanum).  This  evolution  of  plant  so- 
cieties on  the  lake  shore  is  perhaps  shown  even  more  beautifully  in  the 
vegetation  of  the  two  long  iwints  of  land  projecting  out  into  the  north- 
west arm.  TlK*se  are  sho>\ni  at  the  left  in  Fig.  1,  the  one  in  the  fore- 
ground showing  the  more  advanced  stage. 

2.  The  Swamp.— The  encroachment  of  vegetation  upon  the  lake,  with 
its  death  and  dway,  makes  the  water  shallower  and  finally  unfits  It  for 
the  plants  themselves.  This  filling  up  process  is  aided  by  the  deposition 
of  material  cariie*!  in  by  the  streanw  that  feed  its  waters,  and  ultimately 
we  have  a  swamp  taking  the  place  of  the  lake.  These  may  be  found  in 
various  st4igt»s  of  construction  and  destruction  in  the  region  about  Winona 
which  was  at  one  time  itself  a  part  of  the  lake. 

One  of  the  youngest  of  these,  near  the  east  shore  of  the  lake  and 
bordering  ui>on  Cherrj'  Creek,  has  its  surface  covered  with  duckweed 
(Lerana,  Spirodela  and  Wolffla)  with  arrowhead  and  yellow  water  lilies 
near  the  shore  in  some  places,  followed  by  grasses,  the  Iris  (Versicolor) 
and  scHlges  (Carex  vulpinoidea  and  Carex  lupulina*.  Surrounding  these 
are  the  button  bush,  osier  dogwoo<l,  willows,  swamp  white  oak  ami  elm 
and  the  fern  (Aspidium  tlielypterisi.  In  some  places  where  the  swamp 
is  becoming  lilknl  up.  a  dense  growth  of  Polygomim  is  found  in  the  center. 

At  many  places  ab(mt  the  hike  Is  tlie  swamp  meadow,  a  wide  stretch 
of  flat  land  with  ricli  muck  soil.  One  of  the  most  interesting  of  these 
lies  just  nortli  of  the  lake.  Here  are  gnis.ses.  sedges,  Salix  amygdaloides, 
the  shield  feni  (Asjiidium  thelypteris).  rotentilla  fruticosa  (shrubby  clnque- 
foilK  Eupatorlum  i)uri)ureum,  osier  dogwood.  Carolina  ro.se.  Joe  Pye- Weed, 
Solidago  lanceolata.  Campanula  aparinoi<les  (marsh  bellflower),  LycopuB 
lucidus  (water  horehoundi.  Asclepias  incarnata  (swamp  milkweed),  P>'c- 
nanthemum  lanceolatum  (mountain  mint).  Hoehmeria  cylindrica  (false  net- 
tle). Hetula  pumila  (low  birch).  Stelronema  longifollum.  Osmunda  regalls. 


Ton  volvulus  arvensis  (bliidwot'dK  Apocynuni  aiidrosaeinifolluin  (spread- 
ing do^baiu'i.  Verbeua  iirticaefolia  (wliite  vorboiia).  Uiulbockia  hirta  (cone 
flowon.  and  Lythruni  alatuni  doosestrlftM.  tojri'ther  with  tlio  following 
inesopliytic  pionoors:  Kupatoriuni  iic*rfi)liatnni  (bonosot),  Pilea  pumiia 
aMcli  weed),  and  Inipatiens. 

At  plactvs  where  the  swamp  is  better  drained  its  ultimate  tendency  is 
indicated,  notably  at  a  point  about  a  (luarter  of  a  mile  south  of  the  south- 
east corner  of  the  lake.     We  see  here  black  (wiks  (Quercus  corcinea  tine- 


I'iK.3.     View  .sliowinjf  ricii  ine:<ophytii' nie»<l(>vr  reclaimed  from  the  lalce  Imttoin.    This, 
aren  it*  rnpidly  heeoininir  more  mesophytir  and  tin.-  remaining  hydrophytic  plants  arc  dj'ing 
out.    In  the  baclcground,  on  the  niorainii*  upland,  is  «een  an  oal<-hi  kory  foresit,  with  the 
white  oalcs  at  the  l^aijie  and  bla-'k  oaks  on  rilopo.    It  is  proUahle  th>it  the  meadow  has  never 
been  forested. 


toriai.  wliite  oaks  (tjuercns  allia).  silver  maple  (Acer  dasycarpuni).  sycui- 
more  (ri'atanus  occidentalisj,  walnut  (.lujrlans  nijrra*,  iiiikory,  lo'son  ivy 
(Kluis  Toxicodendron),  richwtvd  i Pilea  pumlla).  Indian  turnii»  lArisaema 
triphyllnm).  May-apple  (rodophyllum  peltatnni).  Viola  palmata.  Viola 
imbe.scens.  These  patches  of  mesojihytic  woods  an»  scunetimes  found 
in  the  very  center  of  the  swamp  at  places  where  the  land  Is  some- 
what   higher.      The    soil    contains    a    larger    annmnt    of    moisture    than 
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that  of  the  nii»soph.vtie  woods  on  the  hike  shore  spoken  of  nlKJve.-  and  the 
vegetation  represents  a  higher  tyiH*  of  inesoiihytic  society. 

In  the  evolution  of  tlie  swamp  of  Turkey  I^ike.  tlie  tirst  vegetation  is 
of  water  phints.  These  are  followed  hy  l)ulrnshes  or  sjnlges,  and  next 
eonie  shrubs  and  trin^s.  in  some  cases  those  noted  above,  but  in  others 
Cassandra  calyculata  which  is  foUowcMl  l)y  the  tamarack  (Larix  Am  ri- 
cana).  These  swamps  are  dc*stine<l  to  become  forests,  while  in  the  case 
of  tlie  lake  like  Lake  Calumet,  near  Chicago,  111.,  the  destiny  of  which 


Fig.  4.  Vi«Mv  of  a  portion  of  (lie  beaoh  in  Clierry  Creek  Embaymcnt.  The  slope  is 
trentlo.  risinp:  from  the  low  channel  of  the  cnelc  on  tlie  right  to  o\ or  20  foot  on  the  left.  The 
i^oil  \9  very  bufrfry  and  niont  of  the  boff?  arc  asFoeiated  with  mineral  .springs.  Rows  of  wil- 
lowjx  in  I'.ie  right  center,  with  9yi'ainore8  and  oaks  «»n  bft  The  rich  nature  of  the  soil  is 
apparent  in  the  heavy  herbaeeou?<  vegetation.  Semi-^of!^ili7.ed  bivalve  shellj*  wore  found 
here. 


is  tlie  prairie,  the  bulrush  .*<tage  is  followed  by  grasses.  It  Is  suggested 
by  Dr.  Cowles  tl>at  this  dift'ereiicc*  in  tin*  ultimate  ilevelopment  of  tlw* 
swan)])  may  be  due  to  the  deiMh  of  the  kettle  and  consecpiently  the  depth 
of  the  muck,  the  forest  type  being  found  l»y  him  to  liave  originated  from 
deep  kettles  and  the  prairie  tyi)e  from  shallow  ones.  The  muck  in  the 
swamps  s]K>ken  of  above  Is  deep  and  their  dt^sthiy  is  evidently  fore.«*t.  as 
has  been  pointed  out,  but  there  is  ver>-  little  evidence  of  the  Cassandm 
and  th(»  Tamarack  stages.     There  are  a  few  tamarack  swamps  iu  the 
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vicinity  of  I^alce  Winona  containing  some  of  tlio  plants  typical  of  the 
taniaraclv  stajjc,  such  as  the  pitcher  plant  (San*acenia  purpurea),  juid  the 
peat  moss,  Spliagnum.  But  in  the  old  Winona  I^ake  hed  there  are  barely 
three  lone  tamaracks,  standing  in  the  lM)ttom  of  an  old  arm  of  tlw?  lake, 
with  notliing  to  indi(»ate  the  share  they  took  in  the  development  of  the 
swamp.  Further  data  obtained  l>y  a  comparison  with  other  si>ecimens  of 
this  kind  of  swamp  are  necessary  before  a  definite  conclusion  can  be 
reached  concerning  its  evolution. 

Quite  an  interesting  tyiK*  of  swamp  is  found  in  a  narrow  belt  of  low- 
land which  adjoins  the  lake  and  n^presents  an  old  arm  of  it,  lying  like  a 
ditch  between  the  hills  there.  It  contains  Ludwigia  polyearpa,  Ludwigia 
hirtella.  ditch  stone-crop  (Penthorum  sedoides),  manna-grass  (Glycerla 
flultaus).  Polygonum  acre,  Polygonum  hydropiper,  Polygonum  sagittatum 
and  Polygonum  Muhlenbergii.  The  flora  of  the  margin  is  swamp  wh'.te 
oak,  black  alder  (Ilex  verticillata),  sour  gum  (Nyssa  sylvatica),  Carolina 
rose,  and  the  swamp,  white  or  silver  maple  (Acer  dasycarpum).  Riccia 
fluitans  carpets  the  wet  soil. 

A  swamp  in  the  hollow  of  the  hills  is  filled  with  Polygonum  hydro- 
piper.  Iris,  skunk  cabbage  (Symplocarpus  foetldus),  and  Rosa  Carolina. 
Around  the  margins  are  dying  willows,  elm  and  ash.  Fossils  of  ferns 
point  back  to  former  days  when  moisture  was  more  abundant.  With- 
ering Mnium  and  flourishing  Polytriclum,  the  relict  and  the  pioneer, 
show  past  and  future.  To  the  south,  the  hill  has  been  cleared  and  xeiophy- 
tic  conditions  are  being  hastened  in  the  margin  of  the  swamp.  Dying 
Iris  and  vigorous  Canada  thistle  gi'ow  side  by  side.  On  the  east,  west 
and  .south  are  the  morainic  hills  eoverotl  with  oak-hickory  forests.  The 
fate  of  this  swamp  is  gradual  filling  up  by  dead  vegetation  and  down- 
wash  from  tlie  surrounding  uplands  and  tlie  ultimate  encroachment  of 
the  neighboring  plants  upon  its  territory. 

.'{.  The  Morainic  I'plands.— Tlic  san<l-gravel-clay  hills  are  even  more 
numerous  about  tlie  lake  than  are  the  swamp  meadows  and  their  vegeta- 
tion is  oidy  slightly  varied  at  different  places,  this  l>eing  usually  in  clear- 
ings. The  oak-hick<H-y  stage  prevails.  Near  the  summit  of  the  hill  is 
the  black  oak  (Quercus  cn<-cinca  tinctoria»,  with  the  white  oak  (Quercus 
alba),  on  the  lower  slopes.  These  are  accompanied  bj*  the  hlcKories  (Carya 
alba  and  Carya  sulcata),  wild  oats  (Danthonia  spicata).  wire  luirass  (Poa 
compressa).  plant^un-lcaved  everlasting  (Antennaria  plantaginifolia),  Poly- 
trichum.  New  Jersey  tea  (Ceanothus  Americanus)  and  Silene  steUata.     At 
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the  bnse  of  the  hills,  on  the  tension  line  ndjoinin^;  the  swamp,  is  the 
blnclv  hurlvlel)eiT3\  (Saylnssaeia  resinosa.  (See  liack^rround  of  Fig.  3.) 
The  oak  stape  has  required  s-o  lonjr  a  time  to  develop  and  lias  been  In 
existence  so  lonj?  tliat  we  have  only  tlie  result  and  little  evidence  of  what 
pnM'tHled  this  tyi>e.  In  the  north  tlie  coniferous  forest  comes  finst.  Clear- 
ings give  some  intimation  of  the  order  of  succession,  and  they  are  numer- 
ous, though  somewliat  deceptive,  as  the  stages  in  this  case  follow  one 
another  much  more  rapidly  than  they  would  in  a  virgin  soil  in  which 


f  ifc.  5.  View  of  tlie  cliannel  ai)d  abutmeDts  of  tlie  upper  or  leMer  dam.  From  the  con> 
dition  of  the  vegetation  in  the  foreground,  it  is  evident  that  the  tftream's  gradient  is  small. 
Upott  the  left  and  right  the  surface  rises  abruptly  to  12  feet,  and  i^  covered  with  heavy 
mesophytie  trees.  The  soil  is  sandy.  This  is  a  place  whore  vciretation  is  capable  of  closing 
the  drainage  lines. 


there  had  been  no  foundation  laid  for  later  types.  Where  the  soil  has 
been  clcMirwl  the  first  plants  that  follow,  as  shown  on  the  north  and  west 
sides  of  the  lake,  nre  Xerophytic  annuals  and  perennials,  such  as  poke 
wee<l  (iMiytolacca  dei*anda»,  mullein  (Verbascum  thai)eus),  Canada  thistle 
<Cnicus  arvensis),  hounds-tongue  (Cynoglossum  officinale),  Leon  urns  Car- 
diaca.  Arctium  lappa,  Ek'hlnospermum  lappula.  These  seem  to  be  fol- 
lowed by  elm  and  hickory.  The  beech-maple  forest  is  working  Its  way 
In  so  slowly  around  Winona  that  at  first  glance  there  seems  to  be  no 
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Fig.  6.  Vi'  w  acrods  the  valky  from  the  loft  nbiitment  <»f  the  lnwcr  or  greater  darn.  The 
width  of  the  valley  is  here  about  ll>5  feet,  with  the  earth  walls  ri:*iiiff  abruptly  22  feet  on 
either  «;ide.    The  .-oil  is  a  irlacial  doposit.  sand  predouiinating. 


Yin.  7.  View  up  the  rhanind  of  the  outlet  at  the  greater  dam.  The  depth  of  the  valley 
is  shown  by  the  altitude  of  the  right  abutment  in  the  background.  The  evidence  of  the 
a»<cending  erosion  line  is  in  the  foreground. 
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indication  of  it  whatever.  It  has  made  its  appearance  in  only  one  region 
in  the  old  lake  bed,  namely,  within  a  mile  of  the  present  lake  shore  around 
Clear  Creel?.  The  l)eech  forest  west  of  the  lake  is  outside  of  the  territory 
covered  by  this  reiK>i't.  Why  this  type  has  lagged  so  far  behind  is  perhaiM 
due  to  the  lai-ge  percentage  of  gravel  in  the  soil,  as  its  development  is 
much  slower  in  gravelly  soil  than  in  that  in  which  we  have  a  large  per- 
centage of  clay.  The  presence  of  beeches  depends  upon  the  amount  of 
humus  in  the  soil.  Then,  too,  both  beech  and  maple  seedlings  can  grow 
in  the  dense  shade  these  trees  themselves  make  or  in  tlie  lighter  forests 
of  oak  and  hickory.  The  plants  of  the  latter  type,  on  tlie  other  hand, 
do  not  flourish  in  the  deeper  shade  of  the  beech. 

Accompanying  the  beech  (Fagus  ferruginea)  which  is  yet  somewhat 
rare  in  this  type  of  forest  about  the  lake,  and  the  sugar  maple  (Acer  sac- 
diurinum)  are  tlie  tulip  tree  (Ijiriodendron  tulipifera),  the  walnut,  the 
I>awpaw  (Asimina  triloba),  Hepatica,  Trillium,  Virginia  Creeper,  Mayapple, 
skunk  cabbage,  various  species  of  ferns,  together  with  the  older  oaks 
and  hicl^ories,  which  point  back  to  the  past. 

4.  Tlie  Stream.— Tlie  territory  over  which  now  flows  the  lower  part 
of  the  two  streams  that  feed  the  lake  was  once  the  lake  bed  and  is  now 
a  flood-plain.  Clierry  Creek,  the  lai'gest  of  these,  is  a  pre-erosion  type  in 
what  is  apparently  an  erosion  valley.  Along  the  lower  course  of  this  is 
a  mixture  of  influences  which  results  in  a  **hodge  podge"  of  vegetation 
not  easy  to  unravel.  Lake  and  swamp,  spring  and  stream,  all  combine 
their  forces  to  produce  this  effect.  Near  the  mouth  of  the  stream  Pota- 
mogeton  fluitans  is  abundant.  In  that  part  most  often  submersed  are  the 
rice  cut  grass  (Leersia  oryzoides),  cat-tails,  bulrushes  and  .sedges,  among 
them  Scirpus  atrovirens,  Carex  lupulina,  and  Carex  vulpinoidia.  Many 
plants  characteristic  of  springs  and  spring  brooks  are  found,  such  as 
swamp  milkweed  (Asclepias  incaniatai.  skuiili  cabbage  (Symplocarpus 
foetldus),  Eupatorium  purpiu'cum.  Eupatorium  imrfoliatum,  Lycopus 
lucidus  (water  horehound),  and  several  other  spt^cies  of  mint  Lobelia 
leptostachys  and  Lobelia  syphilitica.  Salix  longifolia  and  Salix  nigra  are 
common  (see  Fig.  1).  and  in  the  locality  west  of  the  creek  and  bordering 
upon  the  lake  seoillings  of  the  river  or  silver  maple  (Acer  dasycarpum) 
and  the  aspens  (Populus  tremuloldes)  form  a  marked  feature  of  the  land- 
scape. Other  plants  characteristic  of  this  flood-plain  are  the  ash  (Praxi- 
mus  Americana >.  the  walnut  (Juglans  nigni),  the  red-bud  (Oereis  Oana- 

12— Academy  of  Science. 
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densis),  the  syeninore  (Platanus  o<.'cidt'ntali8),tlio  mulberry,  the  hazel  (Cory- 
lus  AnuM-iciinni,  tho  htH-nboam  (rarpinus  Caroliuiana).  poison  ivy  lUhus 
toxicodendron  I.  Virjrinia  tTO<»per  (Anipelopsis  <piin«iiiefolin),  gi'ape  (Vitis), 
green  briar  uSinilax),  Indian  Turnip  uArisaema  Dracontiuni),  ground  Ivy 
(Nei>eta  (flecli(»niaK  nettles,  blue  grass  (Toa  pratensis),  nieiidow  rue.  straw- 
berry (Fragaria),  Inipatiens,  Aspidium  thel^'pteris,  Onoclea  sensibilis  and 
Osmunda  regalis. 

Ivoolving  forwanl  to  tlu*  future  o\'  iliis  stream  we  expect  greater  erosion, 
retrogression  toward  the  xeropliytic  and,  as  tlie  ultimate  l>ase  level  is  ap- 
proaolierl,  progressir)n  again  loward  tlie  mesophytie. 
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XiA(iARA  Group  Unconformitiks  in  Indiana. 
Moses  N.  Elrod,  M.  D. 

Prof.  RicliJird  Owen,  in  the  Indiana  Geological  Survey,  1S5(MJ0,  calls 
attention  to  an  unconformity  near  IIuntinKt(m.  which  lie  supiwsed  to 
indicate  tlie  dividing  line  between  the  Devonian  and  ri)i>er  Silurian.  lie 
describes  tlie  arenaceous  limestone  of  the  Devonian  as  resting  uncon- 
formably,  rate  of  diji  25  to  40  degrees  southeast,  on  the  silicious  limestone 
of  the  Silurian.  Of  tlie  Linn's  Mill  exposure,  on  Treaty  CrfK^k.  Wabash 
County,  he  says:  "IhTe  we  again  found  evidence  of  the  (-(aivulsions  and 
un<-onforinable  stratitication  noti<*cd  at  the  Fair  Ground  «iuarries  of  Hunt- 
ington and  in  tliis  county.  On  the  west  side  of  tlu»  creelv.  opposite  the 
mill  and  close  to  the  dam,  a  hill  is  fornuMl  by  an  anticlinal  axis,  the 
betls  dip  nortlnvard  and  southward  about  4',\  degrees.  Uut  the  extreme 
summit  of  the  liill  has  evid«Mitly  brcn  snlisi^iucntly  <lenuded  and  abraded 
by  water  until  a  hollow  afl'ords  a  <lianni»l  for  a  rippling  rivulet,  while  in 
the  b<Hl  of  the  main  strejtm.  InMicatli  tlie  axis,  the  undisturl>ed  stnita  are 
visible."  In  tlie  light  of  inon»  recent  investigations  it  is  |)robable  Trof. 
Owen's  nrenac<»<nis  limestone  of  Huntington  .-ind  the  up|>er  meinlMT  of  his 
Wabnsh  Coniity  unconformities  sliould  be  correlattNl  with  the  por<ms  lime- 
HM  k  <»f  Prof.  Collett.  and  tho  pi<-lvet  ro<  k  of  Messrs.  KlriMl  and  Ueneilict. 
It  siiould  also  be  noted  tliat  the  underlying  hiyers  of  st<>ne.  at  Treaty 
Creek,  :ire  approximately  horizontal,  and  excluile  an  uplift  as  the  eause 
of  the  distorted  bf»ddlng. 

I*rof.  .lohn  Collett.  in  the  <;eologi<'al  Survey  of  Indiana.  1S72.  describes 
an  unconformity  seen  by  liim  at  Calvert's  (piarry.  near  (^'orgetown.  Ca.ss 
County.  He  f(mnd  a  gray  limestone  resting  uncoiifornial»ly  (Hi  tlie  "sllie(» 
magnesia  with  a  small  paitini;  of  <-lay."  Tiiis  fl:iy  parting,  he  <laims.  is 
general,  and  is  often  found  in  welb*  some  L'o  (»r  :;o  fret  Inflow  the  surface 
at  Lc>gansi)ort.  At  a  later  iM'ri«»d  tlie  nbservaiioiis  of  Ti-of.  C«illi«tt  were 
conliriiKMl  by  Mr.  A.  (',  r.riMMli«t.  <\>niiiientiiig  on  m  se<-tlon  made,  near 
Ge(»rtfetowii.  foi-  tlu'  rrpnit  <»n  tin*  ^HMilngy  of  C.-iss  ConntA',  1S!)4.  he  de- 
scrll»es  tlie  surface  of  ilie  lirsi  l;iy«'r^  under  tlie  "gray  Umestom*"  as  show- 
ing (M'ideiH-e.  when  <*xposed.  "of  having  been  enKbtl  into  eliannels  and 
hummocks  bofore  tin*  «»verlying  rot-k  wa**  dep<»site<l." 

Prof.  ('<>llett.  under  the  se<-tion  of  his  1.S72  report  devott^l  to  Wabash 
County.  eorr4>lat4's  tlie  "gray  llniestcme  s«>(mi  at  Logans]>ort  and  at  a.  few 
localities  in  Miami  County"  with  the  "thin-lKHlde*!  i>aving  stone"  of  Wa- 
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bash.  The  silico  magnesian  beds  of  Logansport,  he  says,  *'part  with  the 
greater  portion  of  the  calcareous  matter  at  Peru,  becoming  argillaceouB, 
while  in  Wabash  this  bed  is  characteristically  argillaceous,  and  in  appear- 
ance very  similar  to  the  hydraulic  stone  at  Louisville."  In  his  general 
section  of  Wabash  County  he  places  (1)  porous  lim crock  at  the  top,  and 
gives  its  thickness  at  from  0  to  40  feet;  (2)  paving  stone,  8  feet;  (3)  thick- 
bedded  argillaceous  limestone,  10  to  20  feet;  (4)  hydraulic  limestone,  10  to 
50  feet,  and  referred  the  whole  series  to  the  Niagara  group.  The  sub- 
divisions adopted  by  Blrod  and  Benedict  in  tlieir  report  on  the  Geology 
of  Wabash  County,  1891,  do  not  differ  greatly  from  those  of  Prof.  Collett. 
They  placed  the  quarry  stone,  the  equivalent  of  his  paving  stone  and 
thick-bedded  argillaceous  limestone,  at  the  top  of  the  series.  Between  the 
quarry  stone  and  his  hydraulic  limestone  they  recognized  a  local  stratum 
of  laminated  shale,  closely  related  to  the  quarry  stone,  and  all  below  the 
laminated  shale  was  called  cement  shale  or  cement  rock.  The  porous 
limerock  was  not  given  a  separate  place  in  the  section.  l>ecause  it  was 
the  opinion  of  the  writers  that  it  did  not  form  a  distinct  geologic  horizon; 
but  was  composed  of  the  changed  materials  derived  from. the  quarrj^  stone 
and  the  underlying  formations,  but  came  mainly  from  the  quarry  stone 
layers.  The  materials  were  recemented  by  infiltration,  and,  as  a  conse- 
quence, the  beds  have  no  true  stratification  planes.  For  it  they  adopted 
the  name  picket  rock,  a  local  term  then  in  common  use  at  Wabash. 

These  correlations  are  deemed  necessary  that  the  reader  may  under- 
stand the  stratlgraphlc  position  of  the  Wabash  County  unconformitiee. 
and  the  probable  relations  of  the  others  of  the  Wabash  Valley. 

A  very  remarkable  and  plain  example  of  unconformity  between  the 
quarry  stone  layers  and  the  blue  cement  rock  may  be  i^een  on  the  east 
bank  of  Lagro  Creek,  one-half  mile  north  of  lAgro.  Here  30  feet  of 
horizontal  quarry  stone  abuts  against  a  nearly  perpendicular  wall  of 
cement  rock.  Below  the  unconformity,  in  the  creek  channel,  the  cement 
rock  is  found  to  be  continuous  and  connected  with  the  south  wall  of  the 
unconformity  and  to  pass  under  the  more  recent  quarry  stone.  Dip  is 
scarcely  appreciable  in  any  of  the  layers.  Other  unconformities  of  great 
interest  are  those  at  the  Martin  Willis  quariy,  south  of  I^agro,  on  the 
township  line  pike,  and  at  Leonard  Hyman*s  quari-y.  on  the  Mississinewu 
River.  At  these  quarries  the  quari^  stone  rests  on  the  laminated  shale 
In  a  valley.  On  one  side  of  the  Martin  Willis  quarry  the  shale  rises  10 
feet  above  the  lowest  exposed  horizontal  layers  of  quarry  stone. 
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Some  convulsion  of  untui'e,  a  local  upheaval  and  subsidence  of  the 
earth's  crust,  was  among  the  theories  generally  accepted  for  a  time,  to 
account  for  the  false  bedding  of  tlie  Wabash  Valley  rot^lis.  Frof.  CJollett, 
in  1872,  was  the  first  to  offer  an  explanation  more  nearly  in  accord  with 
recent  observations.  Of  a  Delphi  locality  ho  writes:  "The  Pentamerus 
bed  is  an  irregular  deposit,  variable  in  its  mode  of  occuiTence  and  thick- 
ness, evidently  deposited  by  currents  flowing  across  irregularities  in  the 
surface  of  the  regularly  deposited  rrnks  l>el4)w.  It  is  generally  found 
thrown  dow^n  upon  or  against  those  irregularities,  and  consequently  ex- 
hibits remarkable  peculiarities  of  false  bedding."  Rut  liis  theory  does  not 
account  for  the  uneven  surface  of  the  regularly  deposited  nx-ks.  The  most 
obvious  explanation  is  to  .«5upposo  tlint  they  are  due  to  erosion,  and  that 
they  indicate  the  upper  surface  of  the  lower  member  of  an  unconformity. 
Especially  must  this  be  true  wlioro  tlie  stratification  of  the  stone,  com- 
prising the  irregular  surface,  is  found  to  be  level  and  ilie  layers  of  uni- 
form thickness.  Where  the  irregularity  forming  the  axis  or  center  of  a 
cone  is  comiwsed  of  shale  it  is  not  impossitde  that  it  may  have  been 
formo<l  i»y  currents.  The  eflfe<*t  of  <.urrents  on  the  contour  of  a  shale  bed 
was  clcNirly  demonstrated  in  an  example  of  irregular  bedding  seen  in  the 
quarry  of  James  Lambert  at  South  Wabash.  Here  an  axis  of  shale  had 
been  deposited  between  the  quarry  stone  layers,  which  maintain  a  imi- 
form  thickness  while  conforming  to  the  irregular  surface  of  the  shale. 
Near  Lagro,  at  the  Watson  Briggs  ravine,  is  a  beautiful  exi)oflure  on  a 
large  scale  of  the  picket  rock  passing  over  a  central  axis  of  a  cement 
shale  with  the  dip  in  (ipposite  directions.  On  the  flanks  of  the  axis  the  dip 
changes  from  20  to  12  degrees  and  the  layers  become  horizontal  as  they 
pass  over  the  top.  Those  exposures  are  supposed  to  show  the  primary 
origin  of  the  false  bedding  in  nearly  all  cases,  and  especially  .so  when  tlie 
distorte<l  layers  are  of  nearly  uniform  tliickness.  But  in  many  cases  otlier 
phenomena  are  involved  and  the  explanation  is  not  so  simple.  Irregu- 
larities of  the  underlying  .surface  do  not  account  for  the  lirecciated  C(m- 
dition,  changed  physical  characters  and  the  nearly  vertical  planes  of  so- 
called  sti'atification. 

Q'he  brecciated  <*liaracter  of  the  Indiana  st<mc  seems  to  liave  been 
first  pointed  out  by  Prof.  Orton  in  the  <»ighth  annual  report  of  the  Unitcxl 
States  Oeologi<'al  Survey.  Of  the  Ohio  stone,  with  which  he  compares  the 
Indiana  outcrop,  he  says:  "The  layers  of  limestone  appear  to  have  been 
traverse<l  by  joints  dividing  them  into  cubical  blocks  of  two  or  ten  Inches 
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in  diameter,  and  the  separate  blocks  have  l>een  recenientod  b.v  material  of 
the  same  sort  that  composes  the  substance  of  the  rock.  The  (*anse  is 
not  obvious,  l)ut  tlie  phenomena  is  <*ertalnly  iu>t  referable  to  uplift  and 
disturbance.  It  seems  more  probal)Ie  tliat  if  we  were  able  to  trace  out 
the  historj'  we  should  find  some  moditlcation  of  the  force  that  priKluces 
joints,  whatever  it  may  be,  as  the  i-ausi»  of  the  phenomena  we  are 
considering." 

The  high  angle  stylolite  planes  of  Uw  interior  conformation  of  the 
conc*s  is  another  feature  which  should  Ik*  considerwl  in  <M>nnei*tion  with 
the  brecciated  structure.  The  columnar  part  of  the  stylolite  seam  is  pe- 
culiar in  having  its  axis  lie  parallel  with  the  separathni  plane,  and  seems 
to  show  that  the  columnar  structun^  is  the  result  of  a  downward  move- 
ment of  the  overlying  hiytM-.  At  tlie  Stnuttier  quarrj*.  two  miles  west  of 
South  Wabash,  and  at  Kockyway  Treek  the  angle  of  the  s«*paration  planes 
does  not  exceed  ll."i  degrees,  and  ii  is  probable  that  they  may  i»e  nuxlified 
iKHlding  planes.  soin<»tliing  like  those  d(»scrib(»<l  by  Mr.  T.  (.'.  Ho]>kins  in 
his  report,  of  1S!m;.  on  tlic  Itcdlonl  oolitic  limestone  of  Indiana. 

The  exi»osurcs  at  Sraulller's  and  Kockyway  also  sliow  that  the  jucket 
rock  grailually  cliangc\'^  into  even  iK^hhil  (inarry  stone,  and  that  the  picket 
ro<-k  is  a  mcMlilicd  form  of  tlu*  otlK'r.  At  tlic  sjinu»  time  iln»  dip  clianges 
from  an  angle  of  2r»  d«>grces  to  nearly  horizontal. 

The  higli  angle  stylolite  planes  an»  too  nearly  vertieal  to  have  bet»n 
the  i*<'sult  of  siMlinientjilinn.  Tliey  eviilenlly  grew  out  of  a  number  of 
contlitions.  l*rieliy.  tin*  i>ieket  roek  cones  and  ridges  n»st  on  a  core  or 
axis  of  cement  ro<k  or  slial(\  the  latter  l)eini;  the  result  of  erosion.  It 
Is  pi'obable  tlie  layers  of  stoiM\  overlying  the  core,  wtM'e  of  continuous 
thi<"kness  when  (h'iK»slied.  and  that  the  brecciate<l  char.ichr  an. I  styloli  e 
l>lanes  are  the  result  of  pressure  and  uiuM|ual  resistan4*e  lo  a  <lownAvard 
shear. 

A  somewhat  similar  system  of  breci-iatecl  and  irregularly  beilded  stone 
extends  frotn  the  interior  «>f  Ohio,  across  Indiana  and  into  Illinois. 
Through  Indiana  an«l  in  the  vicinity  of  (^'hicago  hi;:h  jiii;:lc  sty^ol'te  ]daues 
are  a  marked  feature  of  (he  exi)osures.  In  Ohio  the  distorted  bedding  is 
referred  to  the  ^^'aterline  formation.  In  ln<liana  similar  irregidarities  are 
supposeil  to  be  e^mtined  lo  the  Niagara  group  IkmIs.  Dr.  A.  J.  Phiuney 
has  Im'cu  the  oidy  Indiana  geologist  to  dissent  from  this  opinion  by  assign- 
ing the  Delphi  ami  much  of  the  LogansiK)rt  exiM>sures  to  the  I^ower 
Hehlerberg.     l*rof.  Orton,  in  his  report  on  the  Ohio  and  Indiana  gas  tleld. 
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snys:  **Tho  well-known  Wabash  tla^^ingR  are  here  counto<l  of  Ix)wer 
Hel(lerl>orj?  aj^e."  Dr.  Phinney,  in  a  report  on  the  natural  gas  field  of 
Indiana,  eleventh  linite<l  States  fJeologieal  Survey,  dissents  from  this 
opinion,  luul  says:  "The  exposures  in  the  vicinity  of  Wahash  have  been 
eonsidercMl  Niajrara  limestone*,  as  the  fossils  are  identical  with  those  found 
at  Marion,  wliere  tiie  exiH)snre  is  undoubtedly  Niagara.'  In  the  Wabash 
County  reijort  oi  isui  forty  species  of  fossils  are  tabulaie<l.  which  were 
<'ollecte<l  from  tlie  <iuarry  stone.  The  most  of  these  were  cliaraet eristic 
Niagara  fossils.  The  Illinois  geologists  have  always  considere<l  the  i»quiva- 
lent  IksIs  of  that  Slate  as  of  Niagara  age. 

By  some  writers  great  signilican<e  is  attached  to  the  brecciated  struc- 
ture in  determining  the  age  of  the  stone  in  which  its  oi-curs.  However, 
Dr.  IMiinney  descrilM's  tlie  Waterline  at  Kokomo  as  *'an  even-be(hle<l  lime- 
stone" AI>ont  LogansiMU-t.  he  says,  the  Lower  HelderlKTg  is  a  common 
rock,  and  **tinely  exposed."  but,  so  far  as  known,  never  shows  a  brecciated 
surface.  If  tin*  WatcM-line  formation  is  excluded  from  the  Lower  IIeld(«r- 
berg  it  is  probable  no  true  representative  of  that  period  is  to  be  f<mnd  In 
Indiana. 

Prof.  Dana,  in  tiie  fourth  wlirion  of  his  Manual  of  (ieoh^gy,  assigns 
tlic  Wateriinc*  ftirmatlon  to  the  Salina  group.  Ancl  in  a  bulletin  of  the 
(Jco]oglc:d  Society  of  America,  May,  1!MM),  Mr.  Charles  Sohuchert  presents 
fjKis  to  show  that  all  of  the  Lower  Ilclderberg  above  the  Waterline  and 
T«Miia('ulitc  liuM^stone  should  lie  included  with  the  Devonian.  Mr.  Schu<-h- 
crt  seems  tt)  c<>usider  tlie  Tenta<'Ulite  limt*stone  as  transitional  to  the 
Lowi»r  lleliiiM'berg.  Of  twenty-six  species  found  in  the  Tentaculite  \u*i\» 
of  N<»w  York.  <nily  four  an»  known  to  oecur  in  some  higlier  member  of  the 
Lower  llelderberg.  In  Ohio,  out  of  tliirteen  sins-ies  describtMl  from  the 
hydraulic  limestone  only  f(mr  are  l<nowii  to  or<'ur  lU  tlie  liigher  bed.s. 
So.  tiicMi.  ill  vit^w  of  wliat  is  now  lxii(>wn,  it  <eems  safe  to  assunu*  that 
the  Wal)asli  County  unconformities  and  pnmounced  irregularities  of  l>e<l- 
ding  were  ilie  result  of  fon-es  in  o]»eration  near  the  <-lose  of  the  Niagara 
eporh,  and  at  all  events  before  the  close  of  tin*  Silurian  age. 

The  subdivisions  of  the  Niagara  group  in  Southern  Indiana  have  been 
much  better  deliiUMl  and  <<iiTelated  than  those  of  the  Wabash  Valley.  The 
nMnarkaI»l<'  iiniforniiiy  in  the  l>e<lding  of  the  Laurel  limestone  from  Con- 
nersville  to  tlie  Ohio  Hiver  has  been  fully  described,  and  the  Waldron 
shale  exi)osnres  lrace«l  from  Milroy  to  Charlestown  landing.  Slight  irregu- 
laritii^s  of  beilding  had  lK»en  notici»<l  in  the  layers  immediately  above  the 
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Waldron  shale,  but  nothing  worthy  the  name  of  an  unconformity  until  Mr. 
Foerste,  in  tlie  twenty-second  Indiana  Geological  Report,  called  attention 
to  the  Avery  quarry  as  showing  evidence  of  a  period  of  erosion.  Other 
unconformities  on  Flatrook  and  Conn's  creeks  have  been  described  and 
illustrated  by  Messrs.  J.  A.  Price  and  E.  M.  Kindle  in  later  reiK)rts. 


Av«ry  (^uHiTy.  Sinitlieast  Corner. 

Tlie  AvtM-y  (iiiany  is  locattMl  on  tlic  t*jist  bank  of  Conn's  Creek,  one 
mile  .^outli  of  Waldron.  Tlic  Louisville  linit-'slone.  as  the  workable  bed  of 
stone  has  been  called,  rests  (•onfonnal)ly  cm  the  Waldron.  is  10  feet  thick 
on  the  north  wall  and  live  feel  thick  in  the  southeast  corner.  The  layers 
have  a  general  dii)  to  tlie  north  of  thre^^  (le;rn»es.  On  the  south  face  of 
the  (luany.  near  the  soutlu'ast  corner,  three  dise^mtinuous  layers  are  ex- 
posed at  the  top  of  the  Louisville  limestone.  They  aggregate  nine  inches 
In  thickness  at  the  west  end,  and  thin  to  nothing  !>efore  reaching  the 
southeast  corner.  Immediately  under  the  attempted  strata  is  a  G^inch 
layer  which  is  continuous  around  tlie  south  and  east  faces  of  the  quarry. 
From  ♦>'.,  iiK'hes  at  the  southwest  end  it  gradually  diminishes  to  2Vj  inclios 
at  the  northeast  corner.  T^^elow  the  continuous  layer  is  a  layer  which 
measiu'cs  11  inches  at  the  north  end;  it  s<x)n  divides  into  two  layers.  wha*ie 
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combined  thickness  is  9  inches  at  the  south  end.  On  the  east  face  two 
layers,  near  the  top  of  the  wall,  were  measured,  one  of  which  changed 
in  thickness  from  2\i  to  5  inches  in  33  inches,  and  the  other  from  2^ 
to  5V^  inches  in  21  inches.  At  the  northeast  corner  of  the  quarry  there  is 
5  feet  of  Louisville  limestone  about  the  6V-rinch  continuous  layer,  which 
diminishes  in  thickness  to  nothing  at  the  south  end.  The  layers  com- 
posing this  5-foot  stratum  do  not  thin  gradually,  but  by  an  abrupt  ending 
of  the  several  layers.  Twenty  feet  north  of  the  southeast  comer  is  a 
slight  thickening  in  the  ut>per  layer,  which  causes  a  slight  dip  north  and. 
sotith.  These  measurements  show  that  the  thickness  of  some  layers  in- 
crease and  others  decrease  with  the  dip.  Below  the  OV.j-inch  continuous 
layer  the  stone  is  evenly  be<lded. 

Above  the  nearly  level  line  of  unconformity  is  from  20  to  48  inches 
of  coarse,  sandy-looking  limestone  in  broken  layers,  with  a  thin  covering 
of  eartli  above  il.  Vloweil  from  across  the  quarry  the  exposure  looks  like 
a  broken  wall  of  rubl»lo  stone.  The  results  of  weathering  are  very  evident, 
but  has  not  wholly  dcstroyeil  tlie  lines  of  continuity,  which  show  irregular 
bedding*. 

'I'lio  rolov  of  tlic  L4»uisville  limestone  changes  from  blue  or  blue-gray 
at  tlH»  bottom  to  a  gray  near  the  unconformity.  The  overlying  layers  are 
very  luiiily  brown.  Tlio  upjHH'  Louisville  layers  change  color  gradually, 
and  the  freslily  l»rokeu  surface  of  the  brown  stone  can  scarcely  be  distin- 
iruished  from  it.  but  a  marlvcd  difference  is  developed  by  weathering. 

The  quariymen  allege  iliat  the  underlying  shale  is  five  feet  thick,  which 
is  very  nearly  its  averagt*  tliickness  at  other  places.  So  far  as  the  thin- 
bedded  shaJe  can  be  said  to  liave  dip  it  seems  to  conform  to  that  of  the 
Ijouisville  limestone.  If  this  is  true  tlie  surface  of  the  laurel  limestone, 
on  which  it  rests,  must  be  irregular.  The  exposed  Laurel  limestone  in  the 
Ijottom  of  Conn's  Creek  nearby  shows  that  it  has  no  appreciable  dip, 
nor  has  it  b<»en  distur])ed  l)y  an  uplift.  Hence  it  is  reasonable  to  con- 
clude that  the  irregular  surface  billow  the  Waldron  shale  has  been  the 
result  of  erosion  which  took  place  alter  the  Laurel  be<ls  were  deposited 
and  l>efore  tlie  Waldron  shale  came  into  existence.  The  inclined  position 
of  the  Louisville  limestone  layers  is  the  outcome  of  irregularities  formed 
during  sedimentation. 

The  unconformities  described  on  Flat  rock  Creek  are  minor  affairs  com- 
pared with  the  Avery  quarry  locality.  The  horizon  of  the  Geneva  and 
liouisville  limestone  unconformities  change,  and  at  one  place  Is  found  be- 
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tweoii  the  layers  of  the  "soft,  snndy  liiuostone/'  Generally  they  appear 
to  he  iiotliiii;:  more  than  lines  of  irregular  l)ed(ting,  with  a  slight  diflference 
iu  tlie  structure  of  the  upper  and  lower  memhers. 
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Tlu'  ttip  of  till'  WjiMmn  .shalo  at  n  i."  I'J  fvot.  at  A  17  loct.  at  v.  \^  fort,  at  f/y  fert  ahovc  low 
water;  at  f  it  i*"  hclow  the  piirfu<*e.    Tl\o  lalL  in  tin-  crook  biMl  Irom  #/  to  e  i.s  4<>  inclie!«. 

One  mile  south  of  llartsville.  in  the  Tnrr  h«»le  vicinity,  there  sin^ns  to 
he  conclusive  i»vlden<'e  of  a  iktickI  <>f  erosion  after  the  Laurel  linicstoue 
heils  were  formal  and  befon*  liie  shah*  IkmIs  w«'re  deposited.  Helow  the 
Tarr  holt'  Clifty  Creek  niaivcs  a  horseslioe  JMMid  within  a  radius  of  one- 
fourth  mile.  The  I'arr  hole  exposure  shows  that  the  top  of  the  Waldron 
shale  is  12  fe<>t  ahov(»  low  wati'r.  :ind  the  shale  nearly  7  f<H?t  thick.  Six 
hundre<l  feet  (Mist  the  toi)  of  the  shale  is  IT  feet  ahove  lovv  water 
and  l'^  feet  aliove  tlie  same  level  at  tlie  Tarr  hoi'.  Ne.ir  the 
middle  of  the  I)end  Mr.  Trice  estimates  the  shale  to  1  e  W  foot 
thick  and  its  toj>  at  from  is  to  LM  foct  al»ov«'  the  bed  oi"  tlie  creek. 
In  ISSl.  when  the  sliale  was  l»etter  exposed  tlian  now.  a  se<'tion  was  made 
at  tlie  Turn  lK>le  whiili  sliowed  tlie  top  (»f  the  shale  at  VI  fei't  alM>ve  low 
water,  and  the  shale  ."»  feet  and  s  inches  thick.  After  due  allowance  is 
made  for  the  de«-line  in  the  hed  of  the  creek,  where  it  jKisses  over  a  long 
rillle,  it  indicates  th(»  surface  of  the  shale  is  \\  fetM  bel(>w  a  corri'SiK)nding 
level  north  of  it  at  the  Tarr  hole.  Sev«'n  hun<lre<l  fts't  west  of  the 
last  locality  is  the  .fesse  Mohley  quarry,  where  a  well  was  [)Ut  down 
a  few  years  ago  that  penetrated  the  Wahlron  shale  'JO  feet  below  the  sur- 
face. Twenty  l*eet  below  the  surface,  at  this  jilace,  ijuts  the  top  <>f  the 
shah'  Ix'low  the  bed  (»r  the  creek.  The  writer  is  certain  of  the  position 
of  the  shale  iJi  this  well,  as  he  has  a  nuinlxM*  of  the  Waldron  fossils 
taken  from  it  at  the  time  the  well  was  dug.  Here  the  top  of  the  shale, 
after  adding  .**  feet  for  decline  in  creek  bed.  is  seen  to  be  l."»  fivt  l>elow 
the  same  level  at  the  Tarr  hole,  and  from  18  to  21  feet  below  two  other 
l>oint». 
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Following  the  IkmkI  of  tlie  creek  on  the  east  side  some  four  or  live 
feet  of  thin  beddcnl  Laurel  limestone  is  exposed,  next  to  the  shale,  that 
is  not  found  at  the  Tarr  or  Turn  holes.  The  MoMey  quarry,  since  the 
report  on  Harthoh)niew  County  was  written,  has  developed  a  nunil>er  of 
irregularities  of  bedding  not  then  visible.  There  is  a  slight  irregularity  on 
the  line  dividing  the  lower  grayish  stone  from  the  brown  layers,  and  if 
weathered  a  few  niort^  years  might  be  riassed  with  the  Flatrook  uneon- 
f  or  mi  ties. 

In  lithologic  structure  and  color  the  L<Miisville  limestone  at  the  Tarr 
hole  and  ^^obley's  (juarry  v«'ry  closely  reseml)les  the  upjK^r  and  equivalent 
layers  at  Avery's  quarry.  It  is  probable  Ihi*  quarry  stone  at  both  places 
was  deposifed  under  similar  comlitions.  and  does  not  sIjow  dip  at  Mobley's 
bocause  tlie  quarry  is  not  located  over  a  marl<ed  irregularity  on  the  sur- 
fae(?  of  the  underlying  Laurel  limestone.  Where  investigations  have  been 
made  it  has  become  evident  that  all  large  displays  of  Ix)uisville  limestone 
ari'  lo<at<Hl  in  an  er(»sion  valley  or  on  an  anticline  connected  with  a  syn- 
clinal axis,  and  tliat  th(»  exposure  of  the  Louisville  IkmIs  are  correspond- 
inglv  local. 


Devonian  Expu.xurc,  Cave  mill  Park. 
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The  irregular  bedding:  of  the  Devoulan  at  (^«S8.  Cnss  County,  is  quite 
marlced,  and  tlie  same  is  true  of  tlie  Geneva  beds  in  some  parts  of  South- 
ern Indiana.  A  line  exposure  of  mixed  bedding  is  to  be  seen  in  the 
Geneva  limestone  at  the  Cave  mill  park,  which  presents  an  eiphteen-foot 
wall  of  discontinuous,  uneven  and  distorted  stratification,  overlying  what 
appears  to  be  Ix)uisville  limestone.  This  seems  to  be  the  formation  from 
which  Mr.  Kindle  collected  a  number  of  Devonian  fossils,  three-quarters  of 
a  mile  farther*  up  the  creek,  opposite  Charles'  mill,  and  the  equivalent 
of  the  Devonian  bluffs  near  Hartsville.  According  to  Mr.  Price,  irregular 
bedding  is  common  above  the  Waldron  shale  in  Rush  CJounty.  It  is  prob- 
able that  further  search  will  reveal  many  more  irregularities  that  are  now 
obscured  by  weathering.  The  in*egular  bedding  of  the  Louisville  and 
Geneva  limestones  is  probably  the  result  of  marine  currents,  and  it  cer- 
tainly is  not  necessary  to  invoke  a  local  uplift  or  convulsion  of  nature  to 
account  for  its  origin  or  that  of  the  unconformities. 

No  unconformities  liave  been  reported  from  the  Upper  Helderberg,  but 
there  is  evidence  that  the  Niagara  limestone  and  New  Albany  black  shale 
are  not  <x)nformable  at  Delplii. 

By  Mr.  P'oerste  an<l  otliers  the  Tx>uisville  b<Mls  are  r(»ferred  to  the 
Niagara  epocli,  and  this  may  be  their  place  if  based  on  paleontologic  evi- 
dence. Its  horizon,  however,  can  not  be  established  by  the  existence  of  a 
few  minor  imconformities  at  the  top  of  Louisville  limestone.  If  uncon- 
formities are  conceded  to  have  occun-ed  during  the  Niagara  epoch  or 
Silurian  age.  in  tlie  Wal)ash  Valley,  they  certainly  show  that  the  changes 
in  the  coast  line  necessaiy  to  tliolr  formation,  whether  submarine  or 
aerial,  did  not  destroy  a  large  per  cent,  of  the  fauna  in  existence  before 
the  erosion  imriod  began.  Of  rours<»  it  is  (H)nce<led  that  many  of  the  spe- 
cies found  in  the  Waldnin  sliale  are  p<H'uliar  to  that  formation,  but  many 
of  them  also  came  up  from  tlie  preceding  ei>och.  Therefore,  the  Upper 
Niagara  and  Geneva  limestone  unconformities  have  very  little  significance 
in  determining  the  a«e  of  tlie  formation  !»etween  wliich  they  occur. 

An  interesting  f|uesth»n  arises  wliether  the  Waldron  shale  can  be  cor- 
relate<1  with  the  (luarry  st<>ne  of  Wabasli  County.  Not  enough  is  known 
to  give  anything  like  certainty  to  what  now  may  be  said  on  the  subject, 
but  it  may  not  be  improper  to  call  att<Mition  to  a  few  observations  which 
indii'ate  that  they  o«'rni»y  the  same  horizon.  It  is  generally  known  that 
the  Waldron  shale  is  (►t'ten  highly  calcareous,  with  intercallated  plates 
of  limestone,  and  changes  to  thin  layers  of  limestone  as  it  is  traced  north- 
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ward.  FriHiuently  on  Clifty  Creek  a  stratum  of  stone  below  the  Waldron 
shale  is  seen  which  very  much  resembles  the  liydraullc  beds  of  Wabash 
County,  both  in  appearance  and  Jointed  structure.  The  laminated  shale 
of  Wabash  is  duplicated  by  somo  of  the  more  argillaceous  shales  of 
Clifty  Creek.  The  Wabash  Valley  and  Laurel- Waldron  unconformities 
seem  to  be  of  the  same  horizon  and  lend  color  to  the  inference  that  the 
quarry  stone  of  Wabash  County  and  the  Waldron  shale  are  of  the 
«ame  age. 


The  Valley  of  the  Lower  Tri'i»KrANOE  River. 
Fred  J.  Breeze. 

[Al»f<tract.| 
Tlie  Tippecanoe  River  deserves  far  more  attention  from  the  geographer 
and  geologist  tlian  has  ever  beiMi  given  to  it.  A  careful  study  of  this 
stream  will  8he<l  ilght  ui>on  some  of  the  problems  of  glacial  phenomena, 
and  will  duul)tles8  yield  something  of  interest  concerning  stream  and  val- 
ley deveii^puuMit.  Believing  tliis,  tlic  writer  iias  l>egun  a  somewhat  sys- 
tematic* M\u\y  of  tliis  river.  Several  days  of  the  last  three  mouths  have 
l>i^»n  devoted  to  tlie  necessary  tield  work  in  the  preparation  of  a  map  of 


l^%i\i  T\PPtCI\NO[ 
,r^, .UK..OC :  rj.^«uiE 


the  lowtM-  part  of  the  Tippwanoe  Valley.  This  map  shows  the  mean- 
ders of  tlie  stream  and  of  its  valley,  and  is  presented  at  this  time  with  the 
lioi>e  that  it  may  be  some  little  contribution  to  the  geography  and  geology 
<»f  Indi&mi. 

By  Jjower  Tippecanoe  is  meant  that  part  of  the  river  from  the  point 
where  it  i eaves  the  region  of  the  Glacial  Lake  Kankakee  to  Its  mouth. 
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A  short  diBtaiLoe  north  of  Moiitlcello  are  Handy  rhlgos  which  doubtless 
markeil  the  southern  limit  of  the  glacial  lake.  »o  that  this  town  is  near 
the  upper  end  of  this  part  of  the  valley,  although  the  jrorjje-like  rharaeter 
of  the  valley  has  extend<Hl  up  to  the  town  of  Buffalo. 

At  Monticello  the  river  tlo^T*  in  a  valley  not  over  hnlf  a  mile  wide  and 
nlx>ut  eighty  feet  deep.  Farther  down  the  valley  widens  and  deei)ens 
so  that  at  some  iK>ints  the  valley  is  a  mile  wide  nnd  the  bluffs  about  one 
liundrtMl  ftH?t  in  height.  The  oidy  exi)osure  of  bedrock.  New  Albany  shale 
and  Devonian  linn*stone,  in  this  part  of  the  valley  is  found  a  short  distance 
alK)ve  Monticello.  Nowhere  in  the  valley  were  wells  found  that  were  cut 
down  to  bedrock.  The  slope  is  great,  ilie  river  falling  almost  1<K>  feet 
from  iMonticeHo  to  the  numtli. 

At  this  time  no  explanation  as  to  the  causes  of  the  existing  features  is 
offered,  the  writer  preferring  to  jiresent  theso  conditions  for  interi)retation 
by  more  competent  members  of  the  Academy.  This  study  of  the  Tipi)e- 
cauoe  Uiver  will  lu>  i-ontiinicd.  and  some  results  of  this  work  may  be  prt*- 
sented  at  future  meetings. 


CONC'ERNINU    AVKLb-DKFrNKI)     KiPPLE     MaRKS    IN     llrPSON    KlVKR 
Ll.MESTONK,    IvItlLMOXD,    InIHANA. 

JosKPn  Moore  and  Allen  D.  Hole. 

In  till'  rriKMMMliiigs  of  tln'  Indiana  .Vcademy  of  Science  for  lSO-4,  page 
53,  Mr.  W.  J*.  Slianntm,  under  tlic  title,  "Wave  Marks  on  rincinnati  Lime- 
stone," gives  an  interesting  des<'ription  of  midulations  ii!  strata  in  the 
southwest  part  of  Krankiin  <'ounty,  Imliana.  Tlie  i)resent  i)ap(»r  is  a  rec- 
ord of  similar  piieinunena  in  W'aym'  County,  imliana. 

In  tlie  spring  of  11H)1  Trof.  Josei)h  .Moon»  oliserved  wliat  api>ear  to  be 
well-detimHl  ripjile  marks  in  an  exposed  stratum  of  Hudson  Kiver  lime- 
stone. Tlie  exposure  occurs  alxnil  live  niili»s  southwest  from  Uichmon4l. 
Indiana,  in  llie  l»e(l  of  a  small  tril»nt;iry  of  tin'  \\'hitewater  River.  The 
stream  at  this  i><»int  flows  approxinnitely  N.  :>o"  K.,  ami  the  series  of  un- 
dulations, which  will  lie  called  'TiiJple  marks'*  in  tliis  paper,  are  nejirly, 
though  not  exactly,  parallel,  and  lie  in  a  direction  aliont  N.  7*J^  'My  E. 
This  direction  is  tlie  nn»an  of  the  measured  dinM-tion  of  S4'veral  axes.  The 
width  of  tlie  stream  is  fnnn  ten  to  tifteen  feet,  and  the  ripple  marks 
are  exposed  more  or  less  plainly  for  a  distance  of  two  hundre<l  feet  in  the 
bed  of  the  stream. 
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The  rlpplo  marks  liave  rounrte<l  crests  and  hollows,  the  slopes  on  the 
two  sides  of  a  crest  beinjj  in  general  symmetrical  about  the  axis.  The 
mean  distance  from  crest  to  crest  is  approximately  uniform  for  the  stories, 
ami  the  av(*Taj?e  for  twenty  sncli  distances  is  f(nind  to  l»e  2.<}3  feet.  The 
average  dei>tli  of  lowest  part  of  troughs  lielow  crests  is  one  and  om»-half 
to  one  and  six-tentlis  inches:  t«)tal  liumlier  of  crests  exiKised  is  forty.  The 
ripple  marks  in  the  up-stream  portion  of  the  expostnl  anni.  constituting 
tlie  majority  of  tlie  nundter  named,  extend  entirely  across  the  bed  of  the 
stream:  in  tlie  down-stream  iM»rtiou,  a  part  of  the  ripple  marks  have  l)eeu 
woni  away  by  erosion  of  the  stream,  leaving  the  crests  ouly  nesir  the 
margins. 

The  stratum  which  lias  the  rii)ple  marks  is  about  three  inches  In 
thickness,  measured  to  top  of  crests:  tlie  l»ottom  of  this  layer  is  as  nearly 
plane  as  are  the  surfaces  of  the  other  hiyers  of  Hudson  River  rock  in  this 
locality:  tiiat  is,  no  iiidicjiti(Ui  of  tlie  undulations  (which  are  on  the  upi)er 
surfaces  is  found  on  tiie  lower  side  ttf  tiie  layer:  and  this  layer  containing 
the  ripi>le  marks  is  not  noticealdy  dift'erent  in  thickness  from  tliat  of  the 
other  layers  of  tlie  same  formation  just  above  or  just  below  it  geologically. 

'1  he  ri])ple-in;nktNl  stratum,  in  the  soutiiwesterly  mp-streami  direction, 
disai»pe:irs  beiientii  otlier  strata  of  Hudson  Kiver  liiiH^tone.  Tiiis  stratum 
above,  wlien  i>roken  up  and  removed,  sliowinl  a  layer  of  blue  shale  or  mud, 
tilling  ilie  liollows.  and  I>arely  covering  the  crests  of  the  ripjdes:  the  ripple 
marks,  liowever.  were  as  clearly  deiiii<>d  where  tlie  ujjper  stratum  was 
broken  away  as  in  the  exposed  portion  farther  down  the  stream. 

The  right  bank  of  tin*  stream  is  ste<»p  and  higher  than  the  left  bank; 
and  here  the  Hudson  River  rock  (mtcrojw  up  to  a  height  seven  or  eight 
feet  above  the  water:  the  upi)er  stratum  of  Hudson  River  riM'k  in  this 
vicinity  is  estimated  at  forty  feet  alM)ve  the  rii)ple-niarkwl  stratum.  The 
left  bank  is  a  part  of  a  ti(MKl-i)lain.  At  one  ptjint  a  irencii  was  <lug  back 
from  the  wat»M-'s  <Hljre  on  tiiis  side.  When  soil,  sand  and  gravel  were  riv 
m(>ved,  th«'  ripph'  marks  were  found  clearly  dellned  as  far  as  the  diggitig* 
extende«l.  some  of  tlie  l»lue  shah'  being  f«mnd  adhering  to  the  surfat-e. 

Tlie  under  sU\o  of  tlie  ripple-markiHl  stratum  is  ]iaved  in  nearly  ever>' 
s«iuare  inch  with  well-preserved  fcjssils,  consisting  in  far  the  greater  part 
of  Jjittavna  sd'irra.  These  are  associated  with  l^afhirsqnina  nltvrnata, 
Orthi.s  uii-Ulvuiulh,  Uhfniohotrnna  cafrnj;  and  a  veiy  few  other  brachiopods. 

Let  it  be  uiiderstoo«l  all  the  time  that  the  imder  surface  of  this  layer 
is  entirely  tlat.    The  ui)i)er,  or  rippled  surface,  is  very  smooth  and  shows 
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almost  no  fossils  in  form  to  be  identified,  but  only  small  fragmental  and 
finely  comminuted  sbells  very  firmly  compacted.  Tbis  triturated  and 
very  compact  character  of  tbe  rlpple<l  surface  is  not  confined  to  the  sur- 
face, but  extends  to  a  slight  depth,  gradunlly  shading  into  coarser  shell 
fragments. 

The  first  layer  Inflow  the  stratum  bearing  the  ripples  contains  substan- 
tially the  same  fossils,  with  possibly  a  still  larger  proportion  of  Leptaena 
sericca,  and  an  occasional  specimen  of  each  of  the  following,  viz.:  Zygospira 
moilesta,  Orthin  teatudinaria,  and  Crania  scabiosa.  This  layer  indicates  a 
somewhat  agitated  condition  of  the  water  in  which  it  was  deposited. 

Above  the  layer  of  tough,  pasty  blue  clay  which  covers  the  nppled  sur- 
face, lies  a  consolidated  layer  consisting  of  whole  and  fragmental  fossils 
cemented  by  hardened  clay.  The  shells  and  fragments  are,  so  far  as  ex- 
amined, pitched  at  all  angles  and  crowded  together  in  a  way  to  indicate 
an  agitated  condition  of  the  waters  during  their  dei>osition.  There  appear 
to  Ik?  few.  if  any,  species  in  this  upper  layer  different  from  those  already 
named. 

We  conclude  that  the  undulations  referred  to  in  this  paper  are  ripple 
]narks  for  the  following  reasons: 

1.  The  axes  of  the  series  in  general  are  ixarallel.  yet  with  some  varia- 
tion in  direction  and  c(mtinuity  such  as  is  seen  in  ripple  marks  formed  on 
sandy  bottoms  now. 

2.  The  crests  of  the  entire  series  are  spaced  with  approximate  uni- 
formity; that  is,  tliore  is  no  increase  or  decrease  in  distance  from  crest 
to  crest  in  passing  from  one  edge  to  the  other  of  the  exi>osed  area,  which 
miglit  be  tlio  t^ase  if  tbe  muiulations  were  beach  marks. 

3.  The  fragments  composing  the  surface  of  this  stratum  are  much 
finer  than  those  found  in  the  Ijottom,  and  finer  tlian  most  of  the  frag- 
ments in  the  strata  lying  above  and  below. 

4.  The  arrangement  of  fragments  in  the  strata  lying  next  above  and 
next  below  give  evidence  of  considerable  agitation  of  tlie  water  at  the 
time  those  strata  were  being  deposited. 

The  accompanying  plates  show  tlie  ai>i>4»aranoe  of  the  ripple  marks. 
Plate  I.  is  from  a  photograph,  up-stream  view:  Plate  II.,  the  down-stream 
view;  Plate  III.,  a  small  portion  of  hed  of  stream,  Icx^king  downwards 
from  the  high  riglit  1)ank  of  stream. 
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Platk  I. 


Ripple  Marks— Up-stream  View. 
Platk  II. 


Ripple  Marks  -Down-stream  View. 
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Platb  III. 


Ripple  Marks— View  from  Rijfht  Bank. 
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Note  on  the  Variation  of  the  Spires  in  Seminula  aroentia 

(Shepard)  Hall. 

J.  W.  Beede. 

[Abstract.] 

Owing  to  the  systematic  importance  and  the  rarity  of  good  material  of 
the  brachial  frameworlv  of  the  hradiioiiods.  any  light  on  the  extent  of  in- 
dividual variation  of  these  parts  is  of  considerable  importance.  In  exam- 
ining several  speciuieus  of  Srminula  aiwiitia  (shepard)  Hall,  which  show 
the  i>osition  and  form  of  the  spiralia,  some  remarkable  results  were  ob- 
tained. 

Both  valves  of  this  species  are  quite  convex,  old  specimens  always 
being  very  ventricose.  However,  the  si)ecies  is  very  variable  in  form. 
Four  of  the  thirteen  siKH.'imens  were  somewhat  compressiHl,  but  it  so  hai)- 
pens  that  three  of  these  approach  the  normal  type  very  closely,  while  the 
fourth  does  not  vary  from  it  greatly.  Tliose  showing  greatest  variation 
have  not  been  sul>j(H-t  to  any  visibh*  external  <ieformation. 

The  normal  position  of  the  spire  is  with  the  ai>ex  iH)inting  to  the  side, 
near  the  margins  of  the  valves,  at  or  a  little  in  front  of  the  middle  of  the 
shell,  whicli  is  also  its  widest  part.  In  the  central  part  of  the  cavity  of 
tlie  slu^ll  the  iMlgi^  of  the  spire  nejirly  or  quite  meet.  Anteriorly  they  flare 
apart  leaving  a  sul>circular  oi>ening.  For  convenience  in  this  paper  this 
opening  will  l)e  referred  to  as  the  frontal  aperture  of  the  spiralis. 

A  sptxinicn  from  the  To[)eka  limestone,  l'i)i>er  Cual  Measures,  shows 
the  spires  with  the  ai>ex  of  one  of  them  pointing  almost  direi'tly  forward 
toward  the  anterior  end  of  the  shell,  turned  through  an  angle  of  about  90 
degrees  from  its  normal  position:  while,  as  nejirly  as  can  be  determined 
from  the  ground  spei'imen,  tlie  apex  of  tlie  other  is  directed  toward  the 
nuHlian  line  (»f  the  pe<licle  valve  just  in  front  of  the  hinge.  This  specimen 
was  s(»lect<Hl  and  ground  nearly  to  the  center  l)ecause  it  was  one  of  typical 
form  and  perfect  exteriorly.  The  remaining  specimens  are  all  from  one 
horizon  in  the  IVnnian  of  Cowboy  County.  Kansas.  One  of  these  has  the 
spire  tin-ned  through  an  angle  of  45  degrees  or  more  in  a  vertical  direc- 
tion (when  held  l)rachial  valve  up  and  hinge  away  from  observer)  point- 
ing near  the  middle  of  the  right  side  of  tlie  brachial  valve,  while  the  oppo- 
site spire  i»oints  toward  the  middle  of  the  oi)posite  side  of  the  pedicle  valve. 
Another  specimen  from  the  same  locality  is  intermediate  between  this  and 
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the  normal  form.  There  are  other  specimens  showing  a  similar  variation 
and  several  are  normal.  The  frontal  aperture  varies  from  subcircular  to 
a  mere  slit. 

The  form  of  the  spire  varies  from  a  fairly  well-develoi>ecl  spiral  cone 
with  flaring  base  and  acute  ai)ex  to  a  form  approximating  a  dislt  with 
very  obtuse  apex.  The  most  disli-like  form  observed  belongs  to  a  sliell 
less  ventricose  tlian  the  average  and  tlie  spire  is  turned  from  the  normal 
position.  The  numiier  of  whorls  in  the  spires  seems  to  vary  slightly, 
though  the  materhil  at  hand  does  not  admit  of  certain  determination  ni 
this  respecrt.  Unfortunately  the  crural  attachments  of  the  spires  are  not 
shown  in  any  of  the  spt»cimens.  However  they  must  have  been  somewhat 
modified  to  accommodate  the  twisted  iK»sition  of  the  spires,  unless,  in 
the  specimens  examined,  the  spli'es  which  are  abnormal  had  broken  loose 
In  the  shell  prior  to  fossilization,  which  I  believe  is  improbable. 

The  al>ove  variations,  except  in  the  case  cited,  do  not  seem  to  accom- 
pany any  particular  form  of  shell.  Tliere  is  nothing  visil)le  in  the  spec- 
imens to  show  the  cause  of  their  abnormnlity. 

It  is  dangerous  to  generalize  much  on  the  observations  based  on  a  sin- 
gle species.  All  that  I  suggest  is  that  tlie  foregoing  set»ms  to  indicate 
that  in  those  spire-l>earing  l>rachiopods,  particularly  the  Athyridae,  where 
the  form  of  tlie  shell  does  not  govern  the  form  and  position  of  the  spire, 
1.  e.,  those  wliich  approach  a  splierical  form,  the  spiralia  may  be  subject  to 
a  considerable  variation  l»oth  as  to  the  form  of  the  spire  and  its  iwsition. 


ToPOriRAPHY  AND    GEOGRAPHY   OF   ReAN  BlOSSOM  VaLLEY,  MoNROB 

County,  Indiana. 
V.  F.  Marsters. 
In  Monroe  Count j',  Indiana,  and  otliers  lying  to  the  southwest  (Owen. 
Greene,  Martin,  Dubois,  IMkc  an«l  <ribs<m)  occur  a  number  of  preglacial 
river  valleys  the  present  topography  and  content  of  which  unmistakably 
suggest  the  existence  of  a  temi)orary  i)eriod  of  laking.  Inasmuch  as  the 
attenuated  edge  of  the  lUinoian  till  plain  passes  diagonally  through  the 
above  counties  and  crosses  the  mouths  of  many  of  the  southern  tributaries 
to  the  west  branch  of  White  River,  which  present  evidence  of  arrested 
drainage  near  the  limit  of  the  till  plain,  it  seems  probable  that  the  laking 
was  consequently  connected  with  the  glaclation  of  the  imme^diate  region. 
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In  Monopnipli  XXXVllI,  V.  S.  G.  S.,  Mr.  Frank  lA»vorott  has  mapped 
anil  jfiven  a  brief  descTiprion  of  the  pn>l)ii1)le  pn'glaclal  drainage,  the  areal 
extent  of  tlio  Inklnjjr  and  the  linal  adjustment  of  the  i)ostglaoial  drainage 
witliin  tlie  rounties  mentioniMl  ai)ove.  For  the  discovery  of  a  few  of  the 
cases  desorilieil.  Leveret t  is  indebted  to  Mr.  (\  E.  Siei)enthal,  who  fur- 
nished nuK-h  of  tlie  data  relative  to  the  hiked  valleys  found  in  Monroe 
ami  Owen  counties.  Mr.  Siel>enthal  has  also  referred  to  this  same  topic- 
in  a  paper  published  in  the  annual  rep(»rts  of  the  Indiana  State  (Geological 
Survey.  It  is  to  one  of  these  cases  that  I  wisli  to  devote  the  main  part  oC 
the  description  and  discussion  pres<Mite<l  in  this  paper. 

Hean  Biossoui  River  tjikes  its  rise  in  the  northern  tier  of  townships  in 
Brown  (.'ounty.  ilows  a  little  south  of  w(»st  to  Monroe  County,  rea(*hing  the 
northwest  corner  of  r/looniinj,Mon  Township,  where  it  turns  rather  sharply 
and  continues  in  a  due  northwest  course  to  the  White  Uiver,  into  which 
it  empties  at  a  point  about  one  mile  below  (fosport.  Owen  County.  The 
topographic  features  of  this  rather  picturescpie  valley,  which  are  regarded 
as  giving  the  key  to  its  ♦reographic  history,  are,  briefly,  these:  First— The 
steepness  of  tlie  vnlh'y  siiles  and  its  persistence  in  close  contact  with  the 
valley  floor,  tt»;:etlier  with  its  po<*uliar  variations  in  direction.  Second — ■ 
The  predonnnan<-e  of  a  broad  flat  floor,  sometimes  a  mile  or  more  in  width, 
now  o«cupied  by  a  small  meandering  stream  which  for  the  greater  part 
of  its  course  insists  upon  keeping  to  the  south  or  southwest  side  or  edge 
of  the  valley  floor.  Third— The  occurrence  of  both  isolated  and  attached 
hummocks  and  ridges,  the  former  usmilly  located  near  the  middle  of  the 
valley  floor,  the  latter  stamiing  in  rather  close  proximity  to  the  val- 
ley sh>pe.  The  rock  content  of  these  striking  bits  of  relief  is  precisely 
the  same  as  that  which  composes  the  upland  on  either  side  of  the  valley^ 
namely,  the  subcarlwnlferous  limestone  and  underlying  sandstone  locally 
known  as  the  "knobstone.'*  Fourth— The  occurrence  of  a  series  of  benches 
or  so-called  terraces  rimming  the  valley  slopes  at  various  points  and  rang- 
ing in  height  above  the  valley  floor  from  thirty  to  seventy  feet.  These  con- 
sist of  mixtures  of  sandy  material  and  clay  which  have  been  derived  from 
the  rock  formations  as  appear  on  the  surface  of  the  upland.  Fifth— The 
development  of  V-shaped  valleys  just  scarring  the  valley  sloped  to  the 
present  valley  floor  and  not  extending  beneath  it. 

In  attempting  to  unravel  the  geographic  history  of  a  river  valley  whose 
drainage  has  been  subject  to  arrest  by  the  invasion  of  an  ice  sheet,  we  find 
that  the  stoi-y  of  its  life  resolves  itself  into  three  fundamental  parts^ 
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First,  what  were  the  toi)ograplii(.'  tharacterlstli-s  of  tlie  valley  before  the 
laking  stage;  In  other  words,  what  was  its  preglaclal  history.  Second, 
what  happeneil  to  the  valley  during  the  laliing  stage,  its  glacial  history. 
Third,  what  has  happened  since  the  disappearance  of  the  lake,  its  iK>«t- 
glacial  history. 


DESCRIPTION  OF  TOPOGUArillC  FEATURES. 

Vallcif  Slopt's.  While  the  average  slope  of  the  valley  side  Is  some- 
where l>etwtH»n  twenty-five  and  thirty  degrtH»«.  it  very  rarely  falls  as 
low  as  fifteen  and  in  many  places  attains  a  slope  as  high  as  forty  de- 
crees. The  variation  in  the  slope  bears  a  direct  relation  to  the  minateness 
«f  dissection,  or  the  si>acing  of  the  streams  crossing  it.  Observation  bears 
•out  the  conclusion  that  the  closer  the  streams  to  each  other,  the  more  sub- 
dued the  8l<)i>e.  For  a  number  of  stretches  along  the  valley  sides  very  few 
streams  crosswl  them,  and  there  the  slope  was  invariably  found  to  assume 
the  steepest  angle.  MorcM)ver,  the  trend  of  the  slopes  appear  to  have  a 
peculiar  and  persistent  variation  in  dirt»ction,  considered  with  reference  to 
the  general  direction  of  the  valley.  It  is  believ^nl  tliat  these  features  afTonl 
certain  criteria  by  which  sometliing  of  the  early  history-  of  Bean  Blossom 
may  be  determined. 

Valtc!/  Flour.  The  greater  part  of  tlie  valley  is  remarkably  smooth 
and  flat.  Tliere  is,  however,  some  systenuiti<'  variation  from  an  abso- 
lute plain.  If  we  should  construct  a  cross-siM'tion  of  the  relief  of  the 
valli'y.  (»siMM-ially  in  the  central  or  upper  parts,  we  should  find  that  its 
systematic  departures  from  a  philii  are  such  as  to  suggc^^t  that  such  ag- 
grading as  <M'curred  in  tlie  valley  was  governed  to  a  veiy  large  dt^gree, 
at  least  on  the  j^resent  surface,  by  fluviatile  agen<*ies  and  not  to  the  pro- 
miscuous distribution  of  sediments  over  its  bottom  during  a  period  of 
laking. 

It  should  also  be  noted  that  the  present  river  channel  throughout  a 
large  part  of  its  course  persists  in  keeping  to  the  si>uth  and  west  side  of 
the  valley  ti<M)r.  Only  at  a  few  points  within  the  limits  of  Moin-oe  County 
do  wc  find  that  the  i)resent  Bean  Blossom  succeeds  in  meandering  aciXiss 
the  entire  width  of  the  valh\v  tioor.  In  other  words,  this  river  Is  liot  appro- 
priate to  an«l  does  not  fit  the  broad  valley  which  it  now  occupies. 

The  moiiotonous  plain  of  the  valley  Is  broken  at  various  places  within 
the  limits  of  Monroe  County  by  the  pr(»jectlon  of  conical  hills  and  elou- 


225 

jrato  rldpi^s  tlironjjh  its  floor.  In  ncniiy  all  the  tases  examined  in  detail 
it  wan  found  tliat  tlu\v  were  made  up  of  the  same  roek  as  (•omi>o8e  the 
uplands,  sheeted  over  with  a  thin  soil,  and  not  of  the  same  sort  of  inco- 
herent mass  of  silts,  rlay.  etc..  eonstitutinp  the  valley  floor. 

The  slopi's  vary  between  twenty  and  forty  dejrrees  and  usually  main- 
tain a  sliarp  anjrh*  with  the  valley  flo«)r  as  did  the  valley  sides.  They  varj' 
in  sizt»  and  shape  from  eonieal  hills  with  almo.st  circular  bases  one  or  two 
hundred  feet  in  diameter,  to  ritl^es  a  half  mile  hmjr,  one  to  four  hundred 
yards  in  wi«ltli.  Their  tops  fall  a  little  short  of  the  jjeneral  level  of  the 
upland.  Tiiey  invariably  lie  either  with  their  lonjjer  axis  parallel  to  the 
trend  of  the  valley  or  with  their  outer  ends  i)ointinp  diaf^onall.v  across  and 
down  stream.  In  the  latter  case  the  trend  of  th«»ir  sloi)es  bears  some  linear 
arranjrement  and  relation  to  the  valley  sloi)e  adjacent  to  it. 

These  elevations  or  "islands."  when  isolatetl,  .stand  <mt  well  towards 
the  middle  <»f  ilic  valh\v:  wlicn.  however,  they  happen  to  approach  the 
valley  slope,  they  are  usually  attache!  to  the  valley  sh»pe.  Their  netirnesa 
t»r  remoteness  to  the  valley  sh)pe  determines  the  comparative  elevation 
of  tln'  conntM'tinjr  part  or  extension  (»f  the  valley  slope  to  the  outstanding 
bit  of  relief,  or  "island." 

Tcrnivis  or  linichfs.  Uimmin^  the  valley  sIojk^s  are  to  be  found  a 
number  of  benches  of  variable  widths,  with  surfa<*es  sometimes  as  flat 
as  a  tioor  or  with  an  excetMlinply  jrentle  dt»cliue  valley-ward,  with 
outer  cdjjes  lol>ati»  in  sliape  and  descending  with  a  marktHl  angle  to  the 
level  of  tlie  valley  fl(M)r.  niese  occur  at  various  ix>ints  within  the  limits 
of  Monroe  4'oimty.  lnvarial)ly  situated  <ni  the  north  and  east  side  of  the 
valley,  and  varying  in  elevation  from  twenty  feet  in  the  lower  part  of  the 
stream  to  seventy  or  more  feet  in  the  upper  part  of  the  valley  near  the  east 
line  of  Monroe  County.  In  all  the  cases  examined  they  were  found  to  Ik* 
comiKJsed  of  mixtures  of  clay  and  sand  undoui»t«Mlly  derlve<l  from  the 
disintegrated  rock  formations  constituting  tiic  surface  of  tlie  uplands. 
No  glacial  dcl>ris  of  any  sort  was  found  citlicr  on  the  surface  or  in  any 
of  tlie  sections  (»r  cuts  in  the  lienclies  noted  within  the  limits  of  Monroe 
County. 
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PREGLACIAL  HISTORY  OK  BEAN  BLOSSOM. 


Inasmuch  as  the  greater  part  of  the  clay  and  silt  occupynij?  the  valley 
floor  is  precisely  the  same  in  kind  as  that  covering  the  unglaciatetl  uplandfl 
and  valley  sloi>e8,  it  is  evident  that  this  filling  simply  represents  the  wash 
and  soil-creep  from  the  sloi>es  ajid  uplands  on  either  side.  Moreover,  the 
rate  of  tilling  was  so  far  In  excess  of  tlie  ahilitj'  of  the  stream  to  carry  off 
its  load  that  the  preglaclal  valley  became  clogged  with  the  waste  to  such 
a  degree  that  the  stream  now  occupying  the  valley  floor  is  for  much  of  its 
course  quite  unable  to  spread  its  meanders  over  the  entire  width;  only  at 
the  narrowest  sections  does  Bean  Blossom  succeed  in  occupying  the  entire 
valley  from  slope  to  slope,  as  seen  in  sketch  map  No.  I. 


Sketch  Map  No.  I.    Section  0,  IJean  Blossom  Township. 


Inasmuch  as  the  fllling  of  Bean  Blossom  at  its  mtmtli  and  for  some 
little  distance  up  stream  is  covered  over  by  a  patcby  Aim  of  glacial  sand 
associated  with  boulders,  compnse<l  partly  of  rrystalline  rock.s.  the 
undi^rlying  rlnys,  silts,  etc..  antiMlate  the  glacial  coating.  Moreover,  the 
occurrence  of  benches  '.to  Ijc  ass<H-iat(Hl  with  the  glacial  liistorv)  nesting 
upon  the  valley  tilling  also  point  to  the  same  conclusion,  that  the  present 
filling  of  the  valley,  less  the  benches  and  tlie  glacial  s:inds,  etc..  near  the 
mcmtli  of  tlie  valley,  is  preglaclal. 

The  (|Ucsiion  then  arises,  wliat  was  the  toiKigrai)lilc  expression  of  Bean 
Blossom  before  it  was  aggrad<Ml.  'J'licre  arc  a  iiuml»er  of  ol)servations 
which  throw  souh'  llglit  (hi  its  early  history.  Init  nnicli  more  data  should  bo 
gathered  ov<»r  the  adjacent  area  liefore  a  detailed  analysis  can  be  given. 
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That  the  preglaclal  Bean  Blossom  valley  icas  very  much  narrower  than 
the  present  one,  is  attested  to  by  the  occurrences  of  various  knobs  and 
remnants  of  ridjres  protruding  tlirough  the  aggraded  floor.  Some  of  these 
are  8ul)centrally  locate<l,  suggesting  tliat  tlie  prefllled  valley  must  have 
been  contined  betwi»en  tlie  8loi)es  of  tlie  half-covered  ridges  and  the  oppo- 
site valley  slope,  thus  decreasing  the  average  width  of  the  pre-fllled  valley 
by  nearly  one-half  its  i)resent  cross-section  within  the  limits  of  Blooming- 
ton  and  Bean  Blossom  Townships,  Monroe  County. 

There  are  also  certain  features  wliich  suggest  that  Bean  Blossom  must 
have  licon  at  grade  at  a  time  antedating  the  completion  of  the  filling  of 
the  preglaclal  valley. 

At  a  numl>er  of  points  within  tlie  limits  of  Monroe  Coimty  are  to  be 
fouiKl  curved  valley  sides  extending  for  a  half  mile  or  more,  with  steep 
slope,  making  an  angle  witli  the  valley  floor  of  thirty-five  to  forty  degrrees. 
Such  regularly  curv4Hl  slopes  an<l  at  such  steep  angles  at  once  suggest  a 
mvaudn'-cut  slope. 

Moreover,  there  is  no  evidence  tliat  these  slopes  have  been  cut  by  a 
nieandiMJng  stream  on  tlie  preMrnt  finfn\  We  must  conclude,  then,  that  they 
antedate  tlie  present  surface  of  the  vall<»y  floor,  and  if  meander-cut  in 
origin,  as  tlie  topographic  relief  very  strongly  suggests.  Bean  Blossom  must 
have  been  at  grade  b«»fore  the  pres«Mit  ttlling,  at  least  completed,  because  a 
meandering  habit  is  not  begun  until  the  stream  has  already  finished  its 
viTtleal  cutting,  or.  hi  other  words,  has  cut  down  \\\e  slope  of  its  channel 
to  such  a  gentle  descent  that  it  could  not  l)e  lessemnl.  Then  it  was  that 
Bean  Blossom  must  liave  begun  its  side  cutting  and  carve<l  the  curved 
slopes,  only  remnants  of  which  are  now  seen  jirojecting  al>ove  the  level  of 
tli<»  in'VAvnt  valley  floor. 

Another  set  of  facts  also  iK)ints  toward  the  conclusion  that  the  pre- 
glaclal Bean  Blossom  had  rea<Iied  grade  and  become  a  mature  stream 
long  before  the  laking  or  the  c(»niiiietion  of  preglaclal  filling  of  the  valley. 

A  small  tributary  J.Jack's  Defeat)  running  northea.st  from  Stelnsville 
presents  some  features  evidently  of  interest  in  connection  with  the  geo- 
graphical history  of  Bean  IMossom.  This  stream,  now  rather  diminutive, 
runs  upon  a  flat  floor,  and  hence  at  grade.  The  toiK)graphy.  however,  of 
the  valley  slopes  reveals  incised  meandei^.  The  present  slopes  are  steep 
and  sharp  cuspate  points  now  project  into  the  valley  on  either  side.  Such 
only  could  have  been  produce<l  by  a  stream  that  had  at  some  time  reached 
grade  after  the  incision  of  Its  meander.     The  crests  of  the  meander-cut 
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Filopes  now  stand  some  80  to  1(>0  feet  above  the  valley  floor.  If  this  view 
be  eorre<*t,  It  would  seem  altogether  probable  that  the  main  stream.  Bean 
Blossom,  inasmuch  as  both  flow  over  the  same  kind  of  rocks  with  the 
same  structure  and  texture,  had  also  passed  through  the  same  stages  as 
did  its  tributary. 

But  8<)  det^ply  has  the  valley  been  tilled  after  grade  was  reachcnl  that 
such  meander-cut  slojies  as  were  developcMl  have  been  largely  buried  be- 
neath the  present  tilling.  Either,  then.  Bean  was  early  at  grade  and 
wldene<l  its  valley  liy  meandering,  or  after  it  came  to  grade  was  comi>elled 
to  Incise  its  meanders,  nearly  all  of  which  have  l>een  substMiuently  burled 
beneath  its  present  valley  floor. 

Moreover,  so  deei)ly  has  Bean  Bhissom  bi»en  aggraded  that  many  of 
the  tributary  valleys  are  also  aggraded  for  some  distance  up  stream.  This 
wholesale  filling  would  necessarily  force  the  slopes  to  rapidly  retreat  at 
the  junction  of  the  tributary  with  the  main  stream,  so  that,  as  a  result, 
the  trend  of  the  valley  sides  would  assume  a  systematic  angularity.  The 
cousetiuent  narrowing  and  broadening  is  well  exhibite<l  in  the  lower  ten 
miles  of  Bean  Blossom. 

LOST  UI1X5KS  AS  EVIDENCE  OF  AOOUADIXG. 

It  is  evident,  should  a  valley  l>e  retilled,  in  part,  with  waste  from  the 
uplands,  tliat  any  relief  left  between  its  valley  slopes,  as  well  as  the  dis- 
sected slopes  includtnl.  would  lose  relief  in  proportion  to  the  amount  of  till- 
ing brought  into  the  valley.  In  such  a  case  we  .should  exiHH't  to  find  many 
successive  stages  of  liurial  of  the  dissecttnl  .slo]»es.  according  as  they  were 
near  or  remote  from  the  center  of  the  prefilled  valh»y.  Many  of  these 
stages  are  well  sliown  in  the  lower  portion  of  Bean  Blossom. 

In  the  middle  of  Bean  Blossom  valley  occur  a  number  of  illustrations 
in  whirl!  the  inter-stream  spaces  of  moderate  relief  have  l>cen  so  deeply 
buritnl  that  the  uppermost  portiim  of  tlie  same  now  stands  al)ove  the  valley 
floor,  as  isolated  ridges  or  "islands,"  with  very  steep  side  sIo^m^s,  extending 
to  and  l)eneath  the  ]>n»sent  floor  of  the  valley.  These  are  locally  si)oken 
of  as  "lost  ridges,"  a  term  <iuite  !ipi>ropriate  to  their  gc^ograpliical  history. 
Such  islands  are  shown  in  a  nuniber  of  sketch  maps.  In  sketch  map  I  a 
small  subcircular  knc»I>  (Section  .">,  Bi»an  Blossom  Township>  stands  in  line 
with  a  point  standing  l)etween  AVhite  Biver  on  the  left  and  Bean  Blossom 
on  the  right.  Its  position  suggests  that  it  is  the  burhd  end  of  this  point 
(see  Plate  No.  1). 
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About  one  mile  up  tlio  valloy  is  another  eloupate  ri(lf?e  about  one-third 
of  a  mile  in  length,  some  tlirt»e  or  four  hundred  yards  in  width  and  with 
an  elevation  of  some  eijrhty  feet  above  the  valley  tioor.  This  is  found  in 
section  0,  Hean  Plossom  Township,  and  illustrateil  in  sketeh  Map  No.  I, 
and  l>y  the  ph(>tojnaph  plate  II.  The  same  toiH>j;raphie  feature  is  again 
duplicated  in  section  24.  Bean  Blossom  Township.  This  illustration  is 
locally  known  as  Lost  Uidjre.  Tliis  case  is  not  so  centrally  l(K'ate<l  as  the 
former  one,  Init  lie*;  close  to  the  east  side  of  valley— but  still  separated 
from  it  by  a  hundred  yards  or  more  of  tiat  tioor.  As  in  other  cases,  the 
trend  of  its  slopt»s  and  that  of  the  adjacent  valley  slope  shows  such  an 
alignment  as  to  strongly  suggest  attachment  beneath  the  present  valley 
floor.     See  sketch  map  No.  11.     Pliotograph  i)lato  III  gives  some  idea  of 


Sketch  Map  No.  II.    Section  24,  Bean  Blossom  Township. 


Steep  slopes,  presented  by  an  end  view  of  the  Ridge.  Other  cases  of  the 
same  thing  might  be  enumerated,  but  the  above  are  sutlicient  to  show  the 
type  of  relief  conse(iuent  upon  the  more  complete  stages  of  burial  of  tlie 
spurs  near  tlie  central  part  of  the  preglacial  valley. 

As  a  further  test  of  partially  aggraded  valley,  we  should  also  expect  to 
find  as  additicnial  criteria,  sjun-s  of  varial>le  relief  but  attached  to  the  valley 
slopes  l>y  narrow  necks,  still  above  the  present  level  (►f  the  valley  floor. 
Moreover,  varicms  stages  of  the  tied-im  knob  or  ridge  ought  to  be  in  evi- 
dence if  tlic  present  width  of  Bean  Blossom  is  due  to  aggrading.  Such 
additional  stages  are  fairly  well  shown  in  contour  sketch  map  No.  I, 
where  tlir(»e  small  cases  of  attached  knobs  may  be  seen.  A  still  better 
case  is  shown  in  the  pen  sketch,  which  (x-curs  in  section  32.  Washington 
Township.  A  photograph  of  one,  the  south  knob,  is  shown  in  Plate  IV. 
Variati(ni  in  the  widths  and  elevation  of  the  necks  connecting  the  partially 
buried  spur  is  well  illustrated  in  the  sketch. 
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In  map  No.  III.  Hoction  4.  Blooinington  Town«bip.  is  shown  another 
illustration  of  sjKH'ial  interest.  This  occurs  at  the  rather  abrupt  turn  of 
Bean  BIoss(»ni  Valley,  on  the  northeast  side,  where  the  upland  forms  a 
point  projtHrting  into  the  valley.  The  iwlnt  sliows  the  same  sort  of  to- 
pography (see  Plate  No.  V)  as  nottnl  in  other  eases— the  rounded  tops,  in- 
creasingly steej)  sloiK^s.  descending  to  the  vallej'  floor,  and  the  neck 
connecting  it  with  the  upland  on  tlie  north.  This  case  attains  additional 
interest,  as  just  to  the  west  and  opposite  the  gap  or  sag  between  the 
knob  and  tlie  upland,  is  a  l>ench  varying  in  elevation  above  the  valley 
floor  from  twenty  to  forty  f(»et.  an<l  tianking  the  slopes  of  the  projecting 
headland  and  si)ur.  The  geogniphical  signitlcance  of  the  benches  will 
be  observeil  in  another  part  of  the  paper. 


Sketch  Map  No.  III.    Sectimi  4,  Bl«M)iiiinf;t«>u  Tuwn«hii>. 

In  tlie  center  of  tlie  valley  li«ior  and  just  opposite  u»r  to  the  soutli  of) 
the  lasi  named  spur,  ami  also  up  stream  for  some  two  and  om^half  miles, 
still  more  evidence  of  valley  lilliny:  is  api)nrent.  To  the  southeast  of  the 
point  ocrurs  a  ratluM*  snlidued  ri<lge,  somewhat  irregular  in  relief,  extend- 
ing uj)  strenm  for  tliree-ijuarters  of  a  mile,  or  tiierealmuts.  A  portion  of 
this  is  shown  in  siveieli  map  No,  III.  Ihsin  Blossom  Hows  close  to  Its 
north(Tn  edge.  Un  tlie  soutii  side  ot  tlie  elevation  tiows  Muddy  Fork 
Creek  from  the  southeast,  and  rcjiches  Hean  IMossom  souk'  distance  be- 
yond its  west  end.  So  full  lias  Tean  rioss«Mii.  and  its  trihuti:ries.  as  well, 
been  lilleii  with  waste  that  tlie  aggraded  tioor  of  lioih  valleys  have  for 
some  disiainr  ui»  the  resi>eitive  si  reams  from  their  junction  merged  into 
one  broad  Hat  lloor. 
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There  is  still  another  ease  of  the  same  thinjr  in  section  3,  Bhx^uiingrton 
Township,  whieli  touelies  tlie  almost  covered  si)nr  last  mentioned  on 
the  east  and  extends  to  Dolan,  east  side  of  section  3.  The  little  villajre  of 
l>olan  lies  in  the  gap,  or  sag.  between  the  knol)  and  the  spnr  of  upland 
separating  Kean  from  Muddy  Fork.  Had  the  valley  floors  of  these  re- 
'  8i)ective  streams  been  aggrade<l  some  twenty-tive  feet  above  their  i>resent 
level,  the  attached  spur  would  have  passed  into  the  •island"  type,  as  the 
floors  of  the  two  valleys  would  in  that  case  have  ])een  confluent. 

Additional  illustrationn  might  lie  api)ende<l.  but  the  above  series  is 
suttlcient  to  bring  out  the  variations  in  topographic  relief  which  furnish 
a  key  to  this  particular  stage  in  the  history  of  tlie  valley. 

In  a  word,  then,  we  may  say  these  various  phases  of  topographic  relief 
are  not  conflned  to  a  limiteil  part  of  the  valley  within  Monroe  County, 
but  are  prominent  features  throughout  its  entire  course.  Moreover,  they 
exist  as  inevitable  consequences  resulting  from  pro<*esses  of  aggrading 
and  hence  may  be  used  as  legitimate  and  trustworthy  criteria  by  which 
to  determine  a  part  of  the  life  history  of  tlie  respective  valley. 


(JLACIAL    niSTOUY    OF    PIOAX    PLOSSOM. 

Tliat  Bean  Blossom  and  the  adjoining  uplands  near  its  mouth  have  been 
occupIe<l  by  an  ice  slieet  is  attested  to  by  a  series  of  observations.  The 
occurrence  of  glacial  boulders,  gravel  and  tine  sand  near  the  mouth  (sec*- 
tion  1).  Bean  Blossom  Township!  and  patclies  of  sand  witli  occasional 
boulders  as  far  up  stream  as  se<-tion  24.  near  Lost  Uidgc.  warrant  this 
conclusion.  From  section  24  Mr.  (\  K.  Sielientlial  lias  traced  the  edge  of 
the  till  plain  to  t\w  northeast,  it  being  found  to  follow  ahuig  tlie  line  of 
Indian  Creek,  ami  passing  out  of  Monroe  at  (Jodsey  into  Morgan  County, 
but  returning  again  to  Monroe  some  two  miles  east,  wliere  Hacker's 
Creek  crosses  the  north  line.  From  tliis  point  to  tlie  southeast  tlie  edge 
of  the  till  is  cxc(»cdiiigly  ditHcult  to  trace.  Patches  of  saml  and  gravel, 
however.  oc«ur  in  the  licjul  waters  of  some  of  the  northern  triljutaries  to 
Bean  Blossom,  in  iiortlieastcrn  Monroe  and  Brown  comities.  Fnrtliermore. 
glacial  gravel  and  peiibles  are  known  to  oc«nr  wltliin  the  limits  of  Bean 
Blossom  Itself,  not  far  from  the  east  line  of  Monroe:  but  wlietlier  this  >vas 
ice  or  water-In  id  lias  not  been  determined.  Eiiongli  facts,  however,  are 
at  hand  to  siiow  tiiat  the  heads  of  nortliern  trilnitaries  of  Bean  must  liave 
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been  invaded  by  the  ice  sheet,  and  at  the  same  time  the  drainajre  was  held 
up  by  the  interference  of  the  ice  slieet  at  the  mouth  of  Bean  BIo6som. 

The  evidence  of  tlie  arrest  of  drainage  at  the  time  of  ice  invasion  is 
found  in  the  occurrence  of  a  series  of  bendies.  inaptly  termed  ten'aces  by 
some  writers,  rimming  tlie  eastern  and  northeni  slope  of  the  valley  at 
various  points  within  the  limit  of  Monroe  County  and  are  reiK)rted  to  ocoor 
with  increased  fretjuency  in  Brown. 

In  all  the  sections  and  cuts  found  in  the  benchers,  only  clay  and  sandy 
materials  appeared.  No  limestone  and  sandstone  oximsures,  such  as  make 
up  the  valley  slopes,  were  found  in  tlie  benches:  tlieir  contents  are  un- 
doubtedly made  up  of  the  wash  and  soil-creei)  brought  into  the  valley  from 
the  uplands,  the  clay  portion  being  derived  from  the  de<*omi)osed  lime- 
stone and  the  sand  constituency  from  the  underlying  knob  stone. 

The  benches  vary  much  l)oth  in  form,  areal  extent  and  elevation  above 
the  valley  lloor.  They  are  invariably  attached  to  the  slope,  and  exhibit  in 
most  instances  a  remarkably  flat  or  sometimes  gently  sloping  surface 
towards  the  outer  edge.  Tlie  outer  rim  is  usually  lobate  in  form,  with 
narrow,  young  valleys  extending  towards  the  nnk  slopes,  and  sometimes, 
so  far,  as  to  traverse  the  entire  width  of  the  bench.  The  slope  of  the  outer 
edge  is  usually  steep  and  well  dettned.  In  some  cases  the  toi>s  of  the 
benches  are  slightly  undulating  or  rolling.  Those,  however,  seldom  attain 
the  elevation  of  the  flat-topi>ed  ones.  In  Marion  and  Washington  Town- 
ships they  may  be  traced  continuously  for  three  or  more  miles,  and  attain 
a  width  of  something  over  half  a  mile.  They  also  vary  much  In  elevation 
above  the  valley  floor,  attaining  a  maximum  height  in  Marion  Township, 
sections  10  and  20,  of  seventy  or  more  feet,  and  decreasing  gradually  down 
stream,  until  In  section  32,  AA'ashington.  they  are  found  to  be  some  twenty- 
five  to  thirty  feet  aU^ve  the  valley  floor. 

That  these  benches  must  have  been  deposited  in  water  Is  attested  to 
by  various  criteria.  The  flat  tops,  steep  angle  on  the  front,  and  stratifica- 
tion show  that  they  are  delta-like  accumulations  brought  in  during  the 
arrest  of  the  drainage  and  not  terraces  in  technical  sense,  although  they 
appear  very  much  like  the  latter  so  far  as  form  is  <-oncerned. 

The  various  elevations  attained  in  dlfterent  parts  of  the  valley  may  be 
due  to  different  levels  at  wlileli  the  Inked  valley  stood  during  the  laking 
period,  or  it  may  ])e  accounted  for  in  part,  at  least,  to  tlie  larger  contribu- 
tion of  residual  materials  from  ui)lands  to  tlie  upper  part  of  the  valley  by 
the  northern   tributaries,   than   hy   similar  streams  emptying  into  Bean 
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Blossom  nwirtT  Its  mouth,  so  that  only  in  the  upper  part  were  the  benches 
built  up  to  the  hiffhes^t  level,  while  in  the  lower  part  the  amount  con- 
tributed wns  iiisutticient  to  liring  them  up  to  similar  altitudes. 

If  tin*  Inlied  Bean  Blossom  stood  at  ilifTerent  levels  during  the  laklng 
stajre.  we  should  expect  to  find  somewluTe  in  the  valley  a  lower  lying 
bench  corn»spondinjr  in  elevatit)n  to  the  successive  lalvc  levels  and  adjacent 
to  tl!e  liiji:licr  ]>enrh.  Xothinj?  of  this  sort  was  found.  I  am  tlierefore  in- 
clined to  artadi  more  importance  to  tlie  former  interpretation,  namely, 
that  irre^'ularity  of  height  al)ove  the  valley  floor  Is  largely  due  to  the 
variation  in  amount  of  tlie  residual  material  lirought  into  the  valley.  The 
trilmtaries  l»rinjring  the  least  amount  of  material  cmistructed  the  smaller 
und  lower  bendics. 

Another  interesting  feature  is  associated  with  two  of  the  largest 
nortiiern  trilmtaries  to  Bean  Blossom,  namely,  Buck  and  Wolf  creeks. 
Beside  the  1)011  ion  of  eadi  cre«'k.  wrijr;j:ling  across  tlie  valley  lK>ttom.  arc 
ratl;er  loiij;  and  narrow  strijis  or  delta-like  accumulations  similar  in  con- 
tent to  tl.i*  htMicIifs  already  described,  and  extending  from  the  valley  slope 
to  wirliin  a  few  yards  of  the  Bean  Blossom  rliannel  which  hugs  the  south 
sl(»pc  of  its  vmIIcv.  The  surface  does  not  attain  the  characteristic  flatness 
(»f  the  riniiuin^'  benches,  but  is  slightly  Irregular  in  relief  and  increasingly 
su  towanN  the  sl<»pe  to  which  it  is  att;icheil.  This  is  (^specially  true  for 
the  Burk  ('reck  t-ase.  but  not  for  the  AVolf  Creek.  The  increasing  irregu- 
hirity  may  be  in  lart  due  to  the  nearly  complete  burial  of  a  projin-tin:;  spur, 
wlins.'  top  is  iiarcly  coated  over  with  the  delta  deposits  now  spread  almost 
across  the  entire  width  of  Bean  Blossom:  but  it  must  be  .<»aid  that  no  out- 
crops of  limestone  or  sandstone,  such  as  make  the  slopes  of  the  valley, 
have  been  dis<'overed  within  its  limits.  On  the  other  hand,  the  irregularity 
of  reli<'f  may  have  been  priwluced  by  the  piling  up  of  the  grwit  load  of 
silt  within  B«Nin  Blossom  by  the  trilmtary.  Imt  did  not  succei'd  in  building 
it  up  to  tlic  lMk«»  level:  in  other  words,  it  is  an  incomidcte  delta,  or  bar. 

Tln»  Wolf  Creek  case  differs  from  the  f(»rmcr  only  in  having  a  moder- 
ately Hat  top.  or  at  least  the  higher  Hats  on  it  attain  alumt  the  same  level, 
thus  suggesting  thar  it  was  built  up  nearer  to  water  b^vel,  and  hence  more 
even  and  uniform  in  relief.  These  differ  from  the  rimming  benches  <mly  in 
that  they  r.rfrmJ  arrnsH  ihv  vallvff  fioor,  while  the  former,  being  nnide  by 
smaller  stns'ims  do.se  to  each  other,  have  built  a  series  of  small  benches 
or  <leUas  which  liave  become  confluent,  and  hence  continuous  alontj  the 
vnUni  side. 
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The  pen  sketcli  plate  No.  1  jrives  some  idea  of  the  appearance  of 
one  of  these  benches  (see  pen  sketch  section  32,  Washington  Township). 
Plate  VI  shows  heyond  the  trees  a  side  view  of  one  of  the  spur-like  ex- 
tensions of  a  l)ench  occuning  in  station  4.  Blooniington  Township.  (See 
contour  map  No.  III.  wliich  also  shows  position  of  the  partly  buried  head- 
land.» 
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No.  1.    Pen  Sketch  of  Attached  Spurs  and  Benches.   Section  32.  Washington  Township. 

PoHt-ijUivUd  Hitftorjf.  Since  the  close  of  the  hiking  stage  Bean  Blossom 
River  has  developed  a  meandering  course  on  its  broad  floor.  Only  in 
the  narrowest  sections  of  the  valley  has  it  succeeded  in  spreading  its 
meander  belt  across  the  entire  floor.  For  tlie  most  part  it  keeps  to  the 
west  or  south  side  of  the  valley,  and  yet  still  assumes  a  meandering  habit 
for  consideral)le  stretches.  In  otlier  words,  the  stream  does  not  fit  the 
prcsrHt  dimensicms  of  tlie  i)road  valley,  whicli  accordingly  must  have  l)een 
brought  about  ]»y  other  conditions  than  that  resulting  from  lateral  cutting, 
by  ji  mature  stream.  Cross  sections  of  tlie  valley  at  its  l)roadest  places 
reveal  a.  slight  mrvaturc  of  surface  in  the  center  and  occasi<mal  abaudoneil 
meandering  channels.  This  sliglit  variatiim  from  a  jdain  surface*  suggests 
flood  plain  construction.  Wliether  tliis  constructive  work  antedates  the 
glacial  episode  of  Hean  Blossom  is  not  certain,  ])ul  it  would  seem  from 
the  data  at  hand,  tliat  tlie  pr**sent  post-glacial  Bean  Blossom  has  not  Imct 
time  or  tlie  ability  to  do  much  constructive  work  since  pleistocene  time, 

Youuf;  A'aUff/s.  Traversing  the  steepest  slopes  of  Bean  Bloss<mi.  are  to 
be  found  numerous  V-shaped  valleys,  witli  remarkal>ly  steep  channels, 
ending  their  lower  coui*se  at  the  i)oint  of  intersection  of  the  valley  floor 
with  the  adjacent  slope.  In  all  cases  small  alluvial  fans  are  built  on  the 
valley  floor  with  tlieir  apex  pno(M-ting  but  a  few  feet  or  yards  at  most 
i>eyon<l  the  mouths  of  the  young  valleys.  In  none  of  the  observe^l  cases  was 
it  found  that  the  level  of  the  valley  floor  wcmld  extend  into  tlie  mouth  of 
the  young  valley.  It  is  therefore  believed  that  the  greater  part  of  the  cut- 
ting of  these  young  valleys  may  date  siil)se<iuent  to  the  prcglacial  Ailing. 
The  fact  that  alluvial  fans  and  not  deltas  with  steei»  otUer  edges  and 
flat  tops  occur  at  tlieir  mouths,  suggest  that  they  have  been  constructe<l 
since  tlie  laking  of  the  valley,  and  hence  are  regarded  post-glacial. 
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Xote.  For  a  portion  of  the  data  used  \u  the  preparation  of  the  contour 
maps,  the  author  begs  to  acknowledge  the  assistance  of  Mr.  E.  R.  Cum- 
Ings  and  Mr.  J.  W.  Beede,  lustructore.  Department  ot  (ieology,  Indiana 
University,  and  Mr.  J.  \V.  Frazier,  student.  Indiana  University. 


Wabash  River  Terraces  in  Tippecanoe  County,  Indiana. 
William  A.  McBeth. 

(Jeneral  Drscript Ion. —The  Wabasli  Valley,  In  Tippecanoe  County,  Indi- 
ana. eml)raccs  an  area  of  about  eighty  sciuare  miles.  Its  average  width 
is  al»out  three  miles.  It  is  much  wider  below  LaFayette  thaji  above,  and 
it  is  less  wide  at  that  place  than  elsewhere  within  the  county  below  the 
mouth  of  Tippecanoe  Kiver.  The  widtli  of  this  valley  above  the  city 
averages  at  least  two  miles,  while  Ik*1ow  it  Is  not  less  than  four. 

The  valley  compris^^s  a  broad,  shallow  trench,  cut  by  a  deei)er  and  nar- 
rower trench,  into  the  bott<mi  of  which  is  carved  the  river  channel. 

The  gen(»ral  surface  Is  about  seven  hundred  feet  above  sea-level,  and 
the  l)ottc)m  ot  tlie  river  channel  Is  alnnit  two  hundred  feet  below  this. 
The  inner  valley  or  ttocwl-plaln  tract  averages  about  one  mile  in  width 
and  along  this  rise  the  terrace  fronts  from  one  hundred  to  one  hundreil  and 
tlfty  n*et  'Ahove  the  stream.  The  inner  valley  is  (lulte  uniform  in  width 
throughout  The  county,  but  the  terrace  areas  are  much  more  conspicuous 
below  LaFayette  than  above. 

The  outi'r  valley  is  (lulte  straight  compareil  with  the  Inner  valley,  which 
meanders  from  side  to  side,  while  the  river  crossing  from  side  to  side  of 
this  fiood-plain  meanders  most. 

The  Trrnirrs.— The  terraces  bi*gin  a  few  miles  below  Delphi,  on  the 
west  side  of  the  river,  an  island  In  the  Deer  Creek  Prairie  Hood-plain  com- 
prising the  fartliest  ui>-stream  area  so  far  observed. 

The  point  between  the  Tippecanoe  and  the  Walmsh,  where  it  rises 
above  tlie  tiood-plain  near  the  junction,  is  of  this  formation.  Below  the 
mouth  of  the  Tii)pecanoe  the  terra<»(^  become  conspicuous.  On  the  west 
side  of  tlie  stream  tlie  region  callcKl  I*retty  Prairie  descends  gently  from 
the  (Jrand  Prairie  and  terminates  in  a  bluff  front  which  runs  parallel  with 
the  Wabash  at  an  average  distance  of  a  mile  from  It. 
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This  is  of  terrace  stnieture  to  nii  unknown  distance  back  from  the 
river  and  is  nut  limited  on  tlie  west  by  a  i>erceptible  bluff.  At  Battle 
Ground  the  level  of  the  prairie  is  eontinuetl  south  to  the  iK)int  where  the 
river  swinjrs  ncross  the  valley  apiinst  the  foot  of  the  wt»st  bluff.  This 
part  of  tlie  hi^h  torrare  is  nowhere  more  than  one-fourth  of  a  mile  wide. 
The  TipptvancH*  battle  held  octupies  its  entire  width  of  a  few  rods  between 
the  lower  terrare  on  tln^  east  and  the  valley  of  Burnett's  Creek,  which 
separates  It  from  a  lii^rh  blnfl*  on  the  west. 

The  low  terra<(»  just  meiitl<»ned  avcrajies  about  one  mile  in  width  and 
its  border  ahui^r  tin*  tlood-plain  takes  the  form  of  a  distinct  rldfce,  ap- 
parently a  santl-bar.  hi>:her  than  the  general  surface  of  the  terrare.  This 
surface  Is  ten  to  tifttMMi  feet  above  the  tlood-plain. 

Below  the  westward  ImmhI  of  the  river  the  tiocHl-plain  occupies  the  full 
width  of  tlie  valley  scparatinjr  the  terrace  tracts  below  from  those  above. 
Tills  flooil-plain  surrounds  a  detai'hed  set-tion  of  h)w  terrace  which  evi- 
dently was  cut  off  fn»m  that  on  which  LaFayette  stands  by  a  former 
course  of  the  river.  Tliis  channel  was  later  the  lower  course  of  the  Wild 
Cat  Creek  and  still  c<»ntains  a  chain  of  ponds.  The  creek  was  by  some 
means  d(»(lcctcd  an<I  now  jt>ins  tiio  river  several  miles  farther  up  stream 
than  foruH'riy. 

Tlie  I.aFayett(»  terrace  slopes  jrently  fnmi  llcKul-plain  level  back  one 
mile  to  th«»  lilnffs.  It  corresponds  in  elevatiim  to  the  detached  area  In 
the  llood-plaiii  and  the  low  terrace  abf)ve  tlie  bend.  It  is  al)OUt  four  miles 
ioiip  an<l  is  sli;;htly  lii^iier  at  the  upper  end  than  at  the  lower. 

The  West  LaFayette  terrace  is  two  miles  wide  in  its  jrreatt^st  width 
and  eijrht  miles  lonp.  Opposite  LaFayette  it  pres»»nts  a  bold  bluff  to  the 
river  and  lies  at  an  elevation  of  one  liundred  antl  twenty  to  one  hundred 
and  fifty  feet  above  it.  Two  miles  l)elow  a  low  terrace  begins  and  ex- 
tends between  the  higher  terrace  and  the  floml-plain  nearly  to  the  mouth 
of  Indian  Creek. 

The  mo.st  extensive  area  Is  the  beautiful  region  embracing  the  Wea 
Plains,  southwest  of  LaFayette.  This  great  terrace  begins  just  below  the 
city  and  extends  ten  miles  to  the  west  line  of  the  county.  Its  width 
averages  at  least  four  miles.  Its  height  agrees  with  that  of  the  West 
LaFayette  terrace,  the  narrow  strip  between  lower  Burnett's  Creek  and 
the  bluffs  and  Pretty  Prairie.  This  correspondence  In  elevation  seems  to 
Indicate  a  former  continuous  surface  of  these  terraces  throughout  the 
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valley  at  a  holKlit  of  one  Iiundrod  to  one  luiudred  and  fifty  feet  above 
the  pre^jsent  river  channel. 

The  /'iT-tjlariaf  IViZ/fv/.— As  the  stnmui  flows  on  a  valley  floor  of  rock  at 
Delphi,  eighteen  miles  alN>ve  I^i Fayette,  and  again  at  Black  Rock,  at  the 
west  line  of  the  eounty,  fourteen  miles  l»elow.  the  nature  of  the  Interveninir 
depression,  its  shain*.  direction  and  extent  have  been  and  are  still  matters 
of  interesting  speculation.  It  Is  prol>al»ly  a  section  of  the  valley  of  the  pre-  ^ 
glacial  Waliasli.  This  valley  liottom  Is  sixty  or  eighty  feet  alwve  the  bot- 
tom of  the  tllltHl  valley  at  Tcrre  Haute  and  the  two  swtiAns  possibly  are 
conne<rttHl  by  a  l»uric<l  valley  somewhere  near  the  present  stream  line. 

There  arc  signs  tliat  its  former  course  was  north  of  Its  present  course 
from  the  west  line  of  Tippecano*»  County  into  the  immense  pre-glaclal 
valley  of  Kickapoo  Creek,  opening  into  the  Wabash  Valley  at  Attica. 
Cates*  l*ond.  a  tra<litionalIy  bottomless  kettle  hole  pond  or  lake,  about  two 
miles  northwest  of  ln<lepen<lence.  Warren  County,  is  a  good  link  In  the 
evidence  of  su<'h  a  former  «*ourse. 

The  al)rupt  drop  of  two  hundriMl  fwt  from  the  valley  bottom  at  I>elphl 
to  the  nx'k  flot^r  lieiieath  La  Fayette  indi<*ates  that  tlie  part  of  the  stream 
above  Delphi  is  not  in  the  <»ld  valley.  The  north  fork  of  Wild  C«t  Creek 
perhaps  more  nearly  represents  the  pre-glacial  drainage  line.  The  little 
crivks  betwet'U  this  criM^k  an<l  the  Wabash  show  r(K*k  in  their  chaunels, 
while  Wild  Cat  <1<m's  not  <-ut  down  to  binl-rock  at  any  place  in  Tipi)ecaiioe 
County,  so  far  as  I  know,  altlumgh  its  valley  is  one  hundriMl  feet  or  more 
In  depth  as  far  up  as  the  county  line. 

U(K'k  outcro]>s  in  the  ImmI  of  Indian  Cr<H'k  ni^ir  Porter's  Station,  In  the 
bed  of  Little  W«'a  Creeiv  at  the  Monon  Railway  cr(»ssing  and  along  Flint 
Creek  for  four  t)r  live  miles  jiliove  its  mouth. 

Hnrings  an*  few  and  not  many  are  deep.  A  well  «lriven  forty  or  fifty 
feet  Im'Iow  the  be«l  of  the  Hig  Wea  Cnn-k.  wImtc  it  Is  <'ross«Ml  by  the  mo- 
raine alxmt  live  miles  south  of  LaFayetti*.  i»asse<l  through  gravel  hardpan 
and  into  qul<  ksaiid.  producing  a  constant  How  of  water. 

Mutvi'iiilx  and  Stnirtnrr  of  ihv  7Vr;v/c*.v.— The  tc^rraces  and  tlie  whole 
valley  region  are  (•(►mposed  of  sand,  gravel  an<l  lM>wl(lers  with  InteriHwed 
be<ls  ot  clay.  The  whole  «leposit  Is  of  great  depth,  in  places  as  much  as 
thnv  InuMlnHl  or  four  hundnnl  feet.  Tlie  clianm^l  of  tli«»  river  at  LaFayette 
Is  two  hundn»<l  fe(M  below  the  general  surface  oX  tln»  county  and  one  hun- 
dred and  tifty  feet  alM»vi»  the  bed-rtK-k.  giving  total  dei>tli  of  three  hun- 
drcMl  and  fifty  UH}i  of  deposits. 
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The  luatorinl  is  bedded  in  layers  that  lie  at  a  hij?h  angle,  such  as  is 
seen  in  delta  stru«-ttn'e:  the  dij)  Is  in  a  j^eneral  direction  down  stream. 
Ample  opiioituiiitics  for  ohservation  o<<nr  in  gravel  pits  and  stream  s^'c- 
tions. 

The  streets  in  West  l.a Fayette  are  improved  hy  opening  pits  in  the 
street  lines  and  afterward  tilling  them  with  the  toi>-soil  and  graveling  over 
them.  Tliese  excavations  uniformly  show  steeplj'  inclined  beds.  The  rail- 
road cuts  through  the  terraces  on  l»oth  sides  of  the  river  show  this  struc- 
ture. The  valley  of  tlie  Wea  through  tlie  gravel  deposits  shows  the  same 
thing.      In    the    Wea    Valley    a    layer    of   conglomerate    is    a    conspicuous 


Catts"'  Vnuil,  a  krttle  iiole  two  miles  iiortiiwest  of  Indcpeinlenee,  Ind. 

fentin<'.  dippirg  lownid  llie  cre<»lv  on  tlie  north  side  and  from  it  on  the 
soutli  side. 

TIu  conghimciatc  stiatuni  is  fiu'med  of  tlie  sand  and  gravel  of  the 
dci-dsit  (cmented  witli  carbonate  of  lime.  It  lies  apparently  at  a  uniform 
horizon  and  is  of  uniftnin  tliickness.  The  cement  is  so  abundant  in  some 
places  as  to  till  <omplctely  the  interstices  in  tlie  nuiss  of  siind  and  gravel. 
ImletNl.  a  bhx  k  left  in  a  yard  fronting  on  State  Street  in  West  LaFayette 
has  its  ni»per  flat  surface  completely  covered  with  a  layer  of  pure  car- 
bonate of  lime  a  lialf  inch  thick. 

An  interesting  feat  me  of  tliese  dejiosits  is  the  occurrence  of  beds  of 
bowlder  clay  interst ratified  with  the  .sand  aud  gravel.    This  is  noticeable 
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mare  pjirtioiilnrly  about  the  east  end  of  the  Wen  IMains  aloug  ravines 
oi]ri»niii;r  into  tlie  Eijr  Wea  (M'oelv.  An  exposure  3.r»  miles  south  of  La  Fay- 
ette sliows  ii  deep  layer  of  false  l>edded  tine  sand  overlaid  by  three  f^eX  of 
very  dense  till,  almve  which  is  ten  feet  of  sand  and  gravel.  This  inter- 
stratillfation  of  materfals  appears  even  more  strongly  marked  along  the 
Wihl  Cat  Creeks.  At  the  bridge  across  South  Fork  near  Monitor  are  two 
beds  of  (lay  differing  in  <-olor  and  ()verlai<l  by  twenty  feet  of  sand  and 
gravel.  Near  Tyrmont.  on  the  north  fork,  ten  feet  of  dark  alluvial  clay 
appears  al»ove  the  waters  of  the  creek,  above  tliis  ten  feet  of  coarse  gravel, 
an<l  alujve  this  forty  feet  of  gray  bowlder  clay. 

Allhtl  7oy;o//;7//^////.— The  top4)graphy  of  tlie  county  about  th4»  border  of 
the  terrace  <lei)osits  is  interesting  and  suggestive.  A  moraine  ridge  con- 
taining much  gravel,  some  of  it  watei*  laid,  extends  along  the  entire  south 
side  of  tlie  Wea  Plains,  A  heavy  moraine  lies  along  the  north  side  of  the 
valley  from  Pat  tie  (iround  south,  bending  away  from  tiie  river  jus"  above 
West  La  Fayette.  Stream  sections  In  the  nuiss  of  this  moraine  show  com- 
pact till  as  deep  as  they  extend.  At  the  mouth  of  Indian  Creek  the  upper 
hundred  feet  of  tlie  bluflP  is  a  layer  of  tine  sand  resembling  the  dune  sand 
of  Lake  Michigan,  antl  the  san<l  ri<iges  of  northern  In<iiana.  This  may  be 
the  source  of  the  san<l  built  into  the  ridges  and  dunes  a  mile  further  up 
the  valley.  The  bluffs  back  of  F/a Fayette  are  of  till  and  are  iwsslbly  a 
section  of  the  moraine  west  of  the  river  extending  east  in  the  direction  of 
Monitor. 

K.ritItination.—\u  attempt  at  ex])lanati(m  would  revert  imnuHliately  to 
the  glacial  peritKl.  The  great  valley  was  obstructed  somewhere  to  the 
west,  proliably  in  the  reghm  of  the  great  bend,  by  an  ice  shtn^t  moving  ea*Jt 
or  s<mth.  This  may  have  been  a  result  of  one  of  the  earlier  ice  invasions. 
Th(»  obstructed  valley  forming  a  lake  has  been  tilled  by  tlie  deltas  of 
streams  tiowlng  into  it.  Tlie  high  angle  of  the  layers  indicate  this.  The 
layers  of  till  represent  niovements  of  the  ice  sh(M»t  over  tlie  delta  plain. 
These  may  have  been  minor  advances  and  i^vc^ssious  of  tlil*  same  ice 
sheet.  The  nniterial  has  been  assort<Hl  out  of  the  drift  sheet  overlying 
the  basins  of  the  streams  traversing  the  region.  The  lime  cement  in  the 
conglomerate  is  easily  exi)lained  as  being  derived  from  the  .Niagara  lime- 
stone r(»gion  lying  imnuNliately  to  the  east. 

'['he  problems  in  det^iil  are  of  such  complexity  tliat  any  attempt  at  ex- 
I>lanati<Mi  is  made  with  extreme  dittidenre.  There  are  good  reasons  for 
l>elieviiig  that  tli(»  valley  was  over-ridden  by  i<-e  from  tlie  east  and  also 
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from  the  north  nt  vurious  times  during;  tlie  accuiuulation  of  the  deposits. 
The  sheets  of  till  found  nt  different  depths  in  the  terrace  gravels  indicate 
this.  The  moraine  extending  along  the  south  side  of  the  Wea  Plains  as 
far  east  as  the  I-ittle  Wea  Creeli  is  composed  of  hills  and  ridges  of  gravel, 
while  farther  east  it  becomes  a  ri<lge  of  till. 

This  may  indicate  that  after  the  valley  had  been  filled  nearly  to  its 
present  level  the  ice  swept  over  it  from  the  north,  transporting  the  gravel 
from  the  valley  and  depositing  it  in  tlie  moraine. 

The  arrangement  of  the  moraines  on  either  side  of  the  river  at  I^aFay- 
ette.  together  with  the  narrowness  of  the  valley  at  that  point,  may  indicate 
that  the  front  of  the  ice  sheet  lay  across  the  valley  while  the  moraines 
were  deposited. 

The  terminal  <lralnage  may  have  spread  gi'avel  deiwsits  over  the  sur- 
face of  the  Wea  Plains  much  as  the  Yalitse  Kiver  is  building  its  delta  below 
Its  outlet  from  the  Malasplna  (Jlat-ier  in  Alaska.  This  may  have  been  a 
line  of  interlobate  drainage  b«»twecn  lobes  from  tlie  I^ake  Erie  and  I^ake 
Michigan  l>asins.  and  much  of  tlic  material  may  have  l>een  furnished  by 
the  slow,  but  h)ng-continueti  creep  of  tlic  glacier  towanl  the  stream 
line. 

The  height  of  the  terraces  was  dctermineil  by  the  height  of  the  rock 
surface  crossed  by  the  river  between  the  west  line  of  the  county  and  At- 
tica. Tl»e  terra retl  nrrangcment  is  continue<l  h(»re,  but  the  upper  valley 
has  been  made  by  the  removal  of  the  drift  from  the  surface  of  the  rock, 
while  Ww  ininM-  vnlley  iias  bcvn  cut  tlirough  the  rock  (mainly  shales)  since 
the  gravel  was  di'posittMl  above.  Tlie  excavation  of  the  inner  valley 
through  Tlppcnaiioc  County  i>ro<'ecded  as  tlie  channel  through  the  rock 
sill  beh>w  was  rut  down.  Tlic  stream  tliat  did  this  wcn-k  carried  the 
waters  of  tlH»  molting  slHM»t  of  ice  as  it  retreated  slowly  to  the  north  and 
east.    Its  wiflth  pro]>ably  convsiiondiMl  to  that  of  the  inner  valley. 

The  Tippe<jnioe  IMvcr  and  Wild  Cat  Creek  were  sti"eiuns  of  great  vol- 
ume as  tlie  size  of  tlieir  valleys  sln)w.  and  this  volume  was  dcmbtless  main- 
tained tlmnigb  a  hnig  i»eriod  of  time. 

Tlie  sand  dinn^s  soiitliwest  of  LaKiiyetie  along  tlie  eastern  (Hlge  of 
the  Wea  IMains  Terrace,  those  on  the  ternicc  edge  on  the  north  side  of  the 
river  opjKJslte  the  mouth  of  W(»a  Creek,  and  tlie  deep  dej^osit  on  the  crest 
of  the  bluff  alK>ve  the  mouth  of  Indlnn  Creek  were  probably  gathered  and 
piled  up  from  the  surface  of  the  Wea  Plains  by  the  southwest  winds, 
while,  after  the  recession  of  the  ice,  the  surface  renmined  bare. 

14— Academy  of  Science. 
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History  of  the  Wea  Creek  in  Tippecanoe  County,  Indiana. 
William  A.  McBeth. 

Tlio  \V(»a  Civek  has  two  priiK-ipal  forks,  known  as  BIp  Wea  and  Little 
Wea.  These  l)oth  rise  near  the  south  line  of  TIppeeanoe  County  and  flow 
roujrhly  parallel  with  eaeli  other  live  or  six  miles  apart,  first  to  the  north- 
east throufrh  nearly  half  their  course,  then  ])entling  to  the  northweflt,  they 
gradually  approach  each  other  and  unite. 

The  course  below  the  junction  c(»ntinues  northwest  to  the  Wabai»h. 
The  Bijr  Wea  receives  a  trilnitary  which  joins  the  main  stream  near  the 
elbow-like  l>end.  coininj?  from  the  southeast  near  the  south  line  of  the 
county. 

These  l)ranch«^  all  rise  in  marshy  meadows  or  prairies  now  f^enerally 
drained.  Tiiese  marshy  tracts  are  usually  lonjr.  narrow  saps  or  shallow 
valleys  extending  across  the  divide. 

Streams  flowing  to  the  south  and  southwest  rise  near  the  heads  of  the 
Wea  Creeks.  In  the  map  of  Tippecanoe  County,  on  pajre  288.  it  will  be 
notictMl  that  Shawnee  Creek  rises  near  the  simrce  of  Little  Weo  Creek, 
(.'oal  Creek  near  the  In^id  of  Ei^  Wea  <'reek  and  a  tributary  of  Sugar  Creek 
near  the  stmrcc*  of  the  east  fork  of  Big  Wea  Cnvk. 

Tlie  upper  course  of  Little  Wea  Creek  follows  a  valley  with  gently 
slopinjr  sides  twenty  to  thirty  feet  in  depth  ami  one- fourth  of  a  mile  wide. 
Just  Ik'Iow  wliere  it  is  <r(>ssetl  by  tlie  Clii<'ago.  Indianapolis  &  Louisville 
Uailroad,  near  its  abrupt  l»end.  tliis  valley  widens  out  and  comes  to  au  end. 
For  two  or  tliree  miles  tlie  creek  tlows  throujrli  a  flat  prairie  with  a  channel 
just  laritre  enimiirh  to  carry  its  flood  waters.  This  ciiannel  is  forty  or  fifty 
fiH»t  wiile  an<l  five  or  six  fcvt  deep.  For  two  or  three  miles  above  its  junc- 
tion with  the  Big  Wea  Creek  it  again  ft)lh>ws  a  valiey  of  about  the  same 
width  as  its  upper  valh\v  l>ut  liaving  n)Ufh  steei)er  bluffs  and  a  more  level 
tM)tt<im.     , 

Tile  ui)i)cr  seven  or  iMjriit  miies  of  tlie  Big  AVea  (*reek  flows  in  a  chajinel 
three  or  four  feet  dt'cj)  and  ten  to  twenty  feet  wide,  over  the  smooth,  gent'y 
sloping  prairif.  Near  Koniney  it  flows  frj)m  llie  smootli  jjrairie  into  a  valley 
om-fonrtli  of  a  mile  wide  and  tw<  nty  to  tliirty  feet  tlee]>.  The  tributary 
from  tlie  soutlieast  joining  tlie  Big  Wea  iieai*  its  abrujK  bon«l  has  its  upper 
course  without  a  notable  valley.  Imt  enters  one  of  considerable  size  near  its 
mouth.    After  the  main  stream  bends  to  the  northwest,  its  valley  within 


L>4r» 


(.Misiiiiul  <'l   NVra  <'nTk,  iinr  iiiilr  snuili  of  R(iiiin(-.\.  Iiui.    Tin-  ^trcniii  hen*  flows  thruiivh 

Hii  nli.l  luko  Im'iI. 
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vjilK»y  ilot'p  mill  ilriiiiicd  thi'  lako  Im'«1  »>h(iwii  jilMive. 
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ji  few  miles  heconies  imicli  shallower.  The  hliilTs  bec-oiiie  low  ami  for 
some  <listance  (m  the  east  side  entirely  (lisappe^ir  at  a  wide  prap  opening 
Into  an  extensive  prairie  to  the  east.  .Inst  below  this  the  northeast  bluff 
bwomes  considerably  hijrher  than  the  one  on  the  opposite  side  lyf  the 
stream.  About  two  miles  below  a  deep  broad  valley  beji^ins  and  continues 
to  the  Wabash  lioo<l-plain.  The  lower  course  of  the  Wea  for  several  miles, 
is  cut  through  tlie  Wea  Plains  terrace  and  the  Wea  Valley  itself  is  ten^aced. 
The  levels  of  parts  of  the  terrace  farthest  up  stream  conform  apparently 
to  the  surface  of  the  W(^Ji  I'laius. 

The  i)eculiaritit^  of  valley  and  course  noticed  in  these  streams  invite  an 
attempt  at  explanation.  This  is  found  in  the  interpretation  of  the  ^lacfal 
features  of  the  region. 

By  reference  to  the  map  it  will  be  noticed  that  several  moraines  oro«8 
the  county  south  of  the  Wabash  Uiver.  The  one  forming?  the  divide  be- 
tween the  Wea  system  and  the  streams  to  the  southwest  extends  south- 
eastward across  the  southwest  corner  of  the  county.  Another  exten<ls  east 
along  the  south  side  of  the  Wea  IMnins  terrare  to  a  point  nearly  south  of 
Laraj'ette,  wliere  it  l)ends  to  the  southeast  and  continues  to  the  southeast 
corner  of  the  county.  Between  these  ridpcs  others  trend  east  and  wt»st. 
All  the  ri<l.ces  together  thus  form  a  complex  network.  Enclosed  by  the 
ridges  are  tracts  of  level  prairie  formerly  marshy  over  large  areas  but 
now  generally  dralne<l. 

The  creeks  cross  these  flat  prairies,  cut  through  some  of  the  ridgc»s  and 
follow  along  tlie  sid(\s  of  others.  The  ^\  ea  streams  are  entirely  po.-' 
glacial  in  their  f»rigin  and  histciry.  Their  channels  are  cut  in  the  beds  of 
glacial  drift  tliat  uverlies  the  country,  the  miderlying  bed-rock  being 
reaciiiMl  and  exposed  for  a  distance  of  a  few  rods  in  oidy  one  place  in  all 
the  Wea  system.  This  is  in  the  l)ed  of  Little  Wea  Creek  where  it  enters 
the  Wea  Plains-  terrace. 

Tli(»  retn'at  of  the  ice  slteet  from  this  region  uncoverwl  the  basin  of 
the  Wea  Creeks  before  it  did  tiie  present  course  of  the  Wabash  River. 
It  may  be  that  melting  of  th(»  i<e  iielween  tlie  Michigan  and  Erie  lobes 
occurred  across  the  course  of  the  Wabash  Kiver  and  along  the  Tippwanoe 
Hiv(M-.  while  the  Wabash,  farilier  west,  was  still  obstructe<I  to  a  much 
later  period.  This  caused  the  waters  of  the  melting  ice  to  gather  along 
the  front  of  the  ice  b(»rder  until  they  cf)vered  the  whole  Wea  bashi  and 
flowed  out  at  the  sags  across  the  divide  wliere  the  heads  of  the  Wea  Civeks 
are  .so  near  the  heads  of  Shawnee.  Coal  and  other  crei»ks.     This  would 
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have  ma(U»  a  lako  of  all  of  soiitlierii  TIppecanoo  County.  This  lake  wouUl 
have  hiH'U  about  one  InnulriMl  «n<l  tifty  feet  deep  at  Dayton,  In  the  ea«t 
part  of  th«»  county.  Some  of  the  nioniines  were  entirely  covertHl  with 
water.  The  hrojul  upper  vnlley  of  Little  WtNi  was  pnilwihly  made  by  a 
stream  llowhijr  in  the  opposite  (llreetion  to  that  of  the  pri^sent  strenm  from 
where  it  is  cnisstsl  by  the  (Uii<-aKo.  lndianaiK»lis  &  Louisville  Railroail. 
Some  part  of  tlie  valley  of  the  Hi^  Wea  below  Komney  may  luive  bw^n 
made  by  a  stream  afterward  reverstnl.  When  the  Wabash  wa.s  uneovered 
the  lake  covering  nearly  the  wliole  south  part  of  the  county  fell  to  a  much 
l(»wer  level  and  the  ^reiieral  course  of  the  i>re8ent  Weji  streams  wa«  laid 
out.  As  the  water  fell  the  tops  of  the  moraines  appeared  ami  the  waters 
flowe<l  across  tlieir  crests  at  the  lowest  i)laces.  But  the  streams  were  not 
continuous  as  imw.  The  region  was  nejirly  covered  by  several  smaller 
lakes  held  in  by  bord«»rin>r  moraines  and  the  streams  connected  the 
lakes  and  formed  the  outlet  of  tlie  lowest.  Tlie  deei)  valleys  show  the 
parts  of  the  streams  tliat  llowtnl  across  the  moraines  from  lake  to  lake. 
As  the  streams  deepened  their  valleys,  tln^  lakes  were  jn'adually  drained, 
h^ivln^  their  smooth,  muddy  l»ottoms  exposed  to  become  the  level  marshy 
prairies  found  at  the  settlement  of  the  country.  As  the  lakes  fell  to  lower 
and  lower  levels,  the  streams  were  extendinl  aercws  the  lake  beds,  where 
they  now  mean<ler  In  sluK;;ish  courses  in  narrow,  shallow  channels. 


Paleontolo(iy  of  Bartholomew  County,  Indiana,  Mammalian 

Fossils. 

J.  Jep.  Edwards,  M.  D. 

L    Mfistotlon  amrriffiHiis  (lUmn.i. 

Tliis  animal  is  represented  in  this  <'ounty  by  two  si>o<*imens. 
a.    Os  xtirnnii. 

Weijjlit  of  fossil,  ei^ht  iK»unds  and  nine  ounces.  Found  in 
IMis  mioii  a  sand-lMir  in  Wliite  River,  one  mile  east  of  Walles- 
bon.:  iilentitii'd  l>y  In-.  M.  N.  Elrod.  It  is  in  a  fair  state  of 
jrreservation.  with  foramina  and  tuberosities  well  defined.  In 
poss(\ssion  of  the  writer.  A  brief  account  of  the  Hn<l  api>eared 
in  tlie  Ifuliafinpolix  Yr/rx  of  .Januar>-  L"*.  ItXH,  and  the  Colum- 
bus <Ind.i  Jhiilij  IhniJtl  of  same  date. 
I).  Tr>otli.  K(nmd  in  Ohio  Township,  Bartholomew  County,  In 
ll)o<>.    Have  been  unable  to  see  It. 
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2.  Elephns  primigeniua. 

The  only  known  s]>(»finien  found  in  tlu»  t-ounty  was  u  tooth  uii- 
oartliod  in  a  jrrav<»l  i)it  (nie-lmlf  nillo  south  of  Waileslmro  in  1808.  It 
was  oovorcMl  witli  sovon  ftH»t  of  soil  and  jrrnvel.  Weight,  nine  i>oiind8. 
It  was  destroywl  ]»y  tire  in  the  office  t)f  Dr.  Webster  Peek,  at  Frank- 
ton,  Indiana.  Identitled  hy  tin*  writer.  See  (\>hinibus.  Ind..  Home 
Advoratv  of  SepteinlKT  l».  18i»S. 

3.  CariantA  amvrirnutia  <IIarlani. 

Extinet  elk.  Post  i»li«u-ene  fossil.  The  siKM-inien  is  the  On  frouiia 
to  whi<-h  is  altaeluKl  the  antler  witli  two  branches.  Present  lenyrth 
two  fe<*t,  W(*ijrht  five  i)onnds.  When  found  it  measure*!  over  seven 
feet  in  lenj^th  and  was  tluMi  in<-oini)lete.  Fy  handling  it  has  erumbled 
to  its  present  length,  rouinl  in  White  Kiver  one  ndle  t^st  of  Walles- 
boro.  ldentiti(Hl  by  thi»  writer.  A  meager  descripticm  appeartMl  in  the 
VulunihuH  Hrrahl  of  .Tanuaiy  I'l.  irM»l. 

4.  ("nruK  rinjiHhnnm. 

Virginia  dtvr.  Sub-fossil.  Si)tN-imen  is  tlie  right  frontal  appendage 
(antlen.  Found  in  Wayne  Township  in  ISiiS.  Identltied  by  the 
writer. 


Oiuj.AXic   A('ii»  Phosphides. 
P.  N.  Evans. 

PiKispliorus  in  tli<»  <)ri,'ani<-  plinspliine.s  sliows  surh  a  perfe<-t  analogy  to 
nitnigiMi  in  tii»»  amines,  tliat  it  s«'ems  strange  tliat  we  should  not  be  familiar 
al.so  Avitli  till'  piios]>li(»ms  analogues  of  the  arid  amidrs— wldeli  we  may 
apprniiriatcly  cmII  ithnsphiflrfi.  Of  this  class  of  bodies  no  mention  is  made 
in  most  liooks  on  organic  chemistry,  and  an  examination  of  the  literature 
sliows  oidy  two  of  tliese  suiistaniM»s  to  liave  Immmi  in-ejiared  and  very  suiK*r- 
th'iaily  investigated,  nanu'ly.  mi»no-  and  tri-cldor-ac<'tyl  phosphides,  dating 
]>ack  to  tile  seventies. 

Witli  a  view  to  i»n'pnriiig  oilier  repn'SiMitatives  of  this  class  and  ex- 
amining tiiem.  the  metiiods  useil  to  mak<»  tiie  acid  amides  were  <-onsidered 
as  to  their  applical»ilit  v:  the  reaction  between  hydrogen  jdi  si):d  le  (FH,) 
and  acid  chIoriii<»s  seeme<i  to  be  tlie  most  pn>misinir  by  which  to  attempt 
to  preimre  new  acid  phosphide's. 
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Prell miliary  experimetits  wore  iiincle  sevprul  years  ago  with  some  of 
the  sliiiplor  acid  cbloriiles,  but  tlio  very  imperfect  absorption  of  tlie  phos- 
phine.  and  the  f«>rniation  of  solid  hydrogen  i>liosphide  s(>iemed  to  make  the 
attempts  niipromising.  and  the  subject  was  dn^pped  for  a  time. 

A  year  ago.  with  Charles  K.  "N'aiulerkleed.  the  subject  was  taken  up- 
again,  and  dichlor-acetyl  chloride  selected  as  the  acid  chlori<le  to  experi- 
ment with  first,  since  the  miction  had  iK'cn  shown  to  take  place  with  the 
chlorides  of  mono-  and  tri-rhior-acetic  acids.  The  reaction  proceeded 
satisfactorily,  though  slowly,  and  the  «n-iginally  li<iuid  chhirlde  gradually 
thickeiie<l  t(>  a  iliick.  yellow,  transparent  mass,  from  which  by  solution  In 
alcohol  and  pre<ipitatIon  by  eth<»r  a  line  crystalline  iK)wder  was  obtained, 
giving  on  analysis  figures  for  pliosphorus  and  j-hloiine  coiTesponding  to 
the  phosphide  cxpcrtcMl.  ClICl,  COPH,. 

This  subsianre  is  ♦'Xtrenn»ly  scjlnlde  in  alcohol.  Insoluble  in  ether,  chlo- 
roform, and  p«'!roh»nni  etlicr.  insoluble  in  but  soon  decomi>o8ed  by  water, 
especially  on  Avarniing.  witli  tlic  formation  of  hydrogen  phosphide  (PHj) 
and  diclilor -a<eti<-  iwU],  judging  liy  the  odor.  It  is  quite  stable  In  dry  air 
and  <hars  witliout  melting  at  about  LMur  ceiitigi'ade.  Its  behavior  is  what 
miglit  lie  e.\iMMte<l  from  a  <-omparison  with  the  amides.  esix>ciaUy  its 
griMiiir  tendenry  to  deeompose  witli  wat(»r.  on  account  of  the  more  weakly 
basir  ilijira*-tiM-  of  jjlMJsphine  compared  with  ammonia. 

Kxperinieiiis  are  l>eing  now  made  by  Miss  Frances  M.  DeFrees  on  the 
preparation  aiul  i»rop<'rties  of  benzoyl  phosphide,  C'c  H-.  <.'Ol*H^,  and  a  crys- 
talliiu*  eomi»onnd  has  been  obtaineil,  charring  without  melting,  and  show- 
ing similar  solubilities  and  decompositions  to  those  of  the  dichlor-acetyl 
phosphide. 


Adsorption  of  Dissolved  Suiistancks. 
P.  N.  Evans. 
The  term  "atlsorption"  is  used  for  the  attraction  exerted  by  a  solid 
surface  on  gases  or  dissolvi-d  substances.  With  regard  to  gases,  the  cflFects 
are  familiar  in  the  action  of  porous  solids,  such  as  charcoal,  which  seem 
to  condense  gases  within  the  pores  as  if  under  considerable  pressure;  the 
action  is  a  selective  one.  however,  for  in  the  case  of  charcoal  some  gases, 
ammonia  for  instance,  are  very  much  more  affected  than  others.  The 
numerous  chemical  reactions  taking  jilace  In  the  presence  of  such  poroua 
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solids  as  platinum  sponge  may  proljably  bo  attributed  to  tliis  surface  at- 
traction. 

Tliat  solids  in  contact  witlj  solutions  concentrate  the  dissolved  sub- 
stances on  tlieir  surfaces,  lias  been  assumed  In  many  cases,  and  some  very 
superficial  (luantitative  exi)eriments  carrie<l  out.  It  Is  commonly  accepted 
by  analysts  that  the  first  portion  of  tlie  solution  imssinjr  throuprh  a  Alter 
should  be  rejected  in  volumetri<-  work  on  account  of  a  iMissible  chanpe  in 
concentration  <lue  to  the  action  of  the  filter,  but  little  exjierimental  work 
has  been  done  to  learn  how  jxeneral  this  effect  is  anitinjr  solids  and  among 
solutions,  and  veiy  little  to  ascertain  the  magnitude  of  the  change  pro- 
duce<l.  The  results  (obtained  by  dlfTerent  observers  are  dltlicult  to  harmon- 
ize; most  of  the  experimenters  simi)ly  show  that  adsorption  takes  place 
betw<H?n  certain  solids  and  certain  solutions:  a  few  attempt  a  quantitative 
examination  but  omit  to  report  factors  essential  to  the  drawing  of  general 
conclusions:  a  very  few  Investigate  the  Influence  of  ccmcentrat Ion— with 
more  or  less  contradict oiy  results.  One  claims  that  the  adsori)ed  «iuantity. 
tliat  is.  the  weight  of  the  solute  closo  to  the  solid  surface  In  excws  of  that 
In  the  same  volume  of  other  parts  of  the  solution.  Is  not  dependent  on  the 
•concentration  In  the  strict  sense  of  Henry's  Law,  but  that  dilution  always 
lowers  tlie  quantity  of  tlie  dissolved  substance  in  the  solutl<m  more 
markcHlly  than  that  of  the  a<lsorbed  substance:  anotlier.  that  Henry's  Law 
applies  throughout  approximati'ly:  still  another  ascribes  the  results  to 
chemical  union  and  not  i)hysical  attra<'tlon. 

About  four  years  ago  the  writer,  with  Donald  Davidson,  carrier!  out 
a  serl<*s  of  <»xp«'riments  to  learn  how  general  the  adsorbing  acthm  of  solids 
on  solutions  might  lie,  and  the  magnitntle  (»f  the  effect.  The  details  of  the 
experiments  w(»uld  be  out  of  place  here,  and  some  factors  now  realized  to 
be  essential  to  their  InterpretatliMi  were  not  rin'orde^l,  but  briefly,  the  ex- 
periments showed  the  following  fa<'ts: 

Twentieth-normal  tartarl<-  a<Id  showed  a  loss  of  nearly  12  per  cent,  by 
contact  with  lilter  i>aper:  tweiitietli-normal  potassium  hydroxide  about  the 
.same  with  filter  paper:  'JJi  per  cent.  su<'rose  solution  with  animal  charcoal 
was  reduced  t<»  l.U  i>er  cent.:  tiftieili-n<»rmjil  acetic  juid  with  silica  gave 
over  Ti  per  cent,  loss:  liftieth-iiormal  hydrochlori*'  acid  Avltii  silh^a  2.5 
IKT  cent,  loss:  liftieth-normal  liydrorhh»rii-  a<-id  witli  «otton  <-h»th  4  i)er 
cent.  h>ss:  tifti<»tli-n<rrnial  ammonia  with  cotton  cloth  ai»ont  15  per  cent, 
loss.  .\11  of  tln'se  experiments  showed,  then,  a  positive  a<lsori)tlon  of  from 
2.r>  to  l."»  per  <ent.  of  the  rllssolve<l  substance.     Several  others,  however, 
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showed  no  oflPec-t  whntevor;  2.5  per  cent,  surrose  with  charcoal  made  from 
sugar,  with  laniplilmk,  wltli  sand:  tartaric  acid  with  cloth;  tenth-normal 
8iMliuni  tliiosulphatc  wirli  silica. 

Some  experiments  witli  sodium  chloride  and  illter  paper  swmed  to 
Indicate  ne^rative  a<Isorption.  that  is.  the  concentration  of  the  solution  was 
IncrcasiMl.  possibly  ]»y  adsorption  of  the  S(»lvent.  and  tlie  same  result  has 
heen  reported  in  some  cases  by  another  observer,  but  in  this  Instance  it 
was  foun<l  lo  !>«»  due  to  clilorides  in  the  paper,  none  of  the  laboratory 
supply  of  Illter  paper  Ijcing  really  frc^. 

The  weiglits  of  adsorbing  substances  and  volumes  of  the  solutions  were 
unfortunately  n<»t  recordeil  in  these  experiments. 

The  <'onrlusion  from  this  series  of  experiments  Is  that  while  adsorption 
may  ])e  vi»ry  niarlicHl  in  s<>me  cases,  it  Is  not  slu)wn  Ijy  all  solids  and  all 
solutions. 

Later.  experiniiMits  were  carried  out  witli  Miss  Frances  DeFrees  with 
a  view  to  asc»»rtaining  the  relation  l»etwe<Mi  adsorption  and  C(m<'entration. 
The  adsoriicr  sel«M-ttMl  was  lilter  paper,  and  the  dissolvetl  substance  copper 
sulphate.  TIh'  sauK'  <|uaniity  of  the  solution  was  allowed  to  stand  In  con- 
tact Willi  a  lixcd  weight  of  i)aper  in  every  case,  and  titrations  were  made 
witii  potassium  cyanide  solutions  of  suitabh*  concentrations  on  tills  copi)er 
soluti()n  :nid  tlie  same  solution  not  treated  with  pai)er.  The  tigures  ob- 
tained showe<l  th«»  interesting  facts  that  above  a  certain  concentration— 
about  tiftli-normal— no  adsorption  took  phn-e;  that  Is.  the  concentnitlon  of  ■ 
the  solution  und<»rwent  no  change  by  contact  with  the  paper.  As  the 
concentration  was  decreastMl  from  this  point  the  effect  btvame  more  and 
mon*  marked,  the  amount  of  <M>pper  removed  by  the  paper  Incrrtising  in 
absolute  (|uantity  up  to  a])out  twelfth-normal  and  then  dwreasing  with 
^lie  concentration  to  a])out  two-hundre<l-and-tlftieth-normal.  farther  than 
which  It  could  not  ]>e  followeil.  The  decrease  in  concent rjit km  of  KMl  c.  e. 
of  this  solution  by  contact  with  7t  grams  of  paper  amounted  to  over  25 
per  cent. 

To  learn  whf»ther  both  parts  of  the  (•(►pp<»r  sulphate  were  etiually  af- 
fected a  number  of  det«M'minat.ions  wore  made  on  the  sulphuric  acid  and 
showe<l  a  very  clos*»  agreement  with  the  copi>er  results,  an  <»vidence  tliat 
the  adsorption  is  of  the  non-ionized  ekH.*trolyte  and  not  of  the  ions  In- 
dependently. 


252 

As  to  the  time  required  for  the  notion  to  complete  Itself,  the  same 
results  were  obtained  after  a  few  minutes  and  after  several  days,  show- 
ing that  the  etiuilibriuni  is  very  quickly  established. 

A  similar  series  of  experiments  carrie<l  out  with  potassium  chloride 
and  filter  paper  gave  analogous  results,  the  adsorption,  however,  beginning 
at  twentreth-normal,  and  only  rising  to  something  over  5  i>er  cent,  of  that 
present  at  five-hundredth-normal  concentration. 

The  worli  is  being  continuwl  and  promises  further  interesting  results. 


The  Determination  of  Manganese  in  Iron  and  Steel. 
W.  A.  NOYES  AND  G.  H.  Clay. 

The  pro<H»8s.  propoMO<l  involves  no  now  principle,  but  is  a  combination 
of  several  old  metliods. 

REAGENTS. 

FerroH.'*  nmmouium  ic////i//f/fr.— Dissolve  S..")G  ^.  crystallized  ferrous  am- 
monium sulpliato  in  water  containing  40  cc.  of  dilute  sulphuric  acid  (25  per 
cent.)  and  malte  up  to  one  liter. 

Potassium  pvr  manga  mi  tr.  -  X  standard  solution  of  sucli  strongtli  that  1  cc. 
Is  eciuivalont  to  about  0.0<n  g.  Fo.  Tlio  mnngan(»so  equivalent  for  the  pres- 
ent metliod  is  found  by  niultii)lying  tlu>  iron  equivalent  by  ^y^ 

Sodium  acetate— Thirty  jrranis  of  crystallized  sodium  acetate.  TO  cc.  of 
acetic  acid  (30  per  cent.)  and  170  cc.  of  water. 

Bromine  }ratrr.—\  saturated  solution. 

ritOCESS. 

Dissolve  1.5  grams  of  tlie  sanipli»  in  *J0  <•<•.  of  nitric  acid  d.'JO)  and  5  cc. 
of  hydrocliloric  acid  (l.liN.  Heat  till  dissolvi  d.  transfer  to  a  oOt>  cc.  flask, 
add  a  solution  of  sodium  carl)onate  till  nearly  neutral  and  then  zinc  oxide 
slowly  till  the  precipitate  of  ferric  li.vilroxide  forms.  After  two  minutes 
add  an  excess  of  zinc  oxide. 

Make  up  the  volume  to  30O  cc  mix  l)y  p<»urlng  l»aclv  and  forth  into  a 
dry  beaker  and  filter  througli  a  dry  filter.  Take  *2(n)  cc.  of  tlie  filtrate, 
add  20  cc.  of  the  sodium  acetate  solution  and  40  cc.  of  bromine  water. 
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Heat  nearly  to  Imilinjr,  stirring  (Kcasioimlly  and  adding  more  bromine 
water,  if  necessary,  till  the  precipitate  of  manganese  dioxide  separates. 
Filter  and  wash.  The  precipitate  adhering  to  the  beaker  need  not  be 
removed,  but  tlie  bealvcr  must  be  rinsed  thoroughly.  Place  the  beaker 
under  the  funnel  containing  the  precii>itate  and  drop  upon  the  latter, 
from  a  burettt*.  the  solution  of  ferrous  ammonium  sulphate  till  solution  is 
complete,  breaking  up  tlie  precipitate  occasionally  with  a  fine  stream  of 
water  from  a  wash  bottle.  I'liless  the  manganese  excoe<ls  0.4  per  cent., 
not  more  than  2(>  cc.  of  the  solution  need  be  use<l.  Wash  out  the  filter 
and  titrate  tlie  filtrate  with  the  standard  i^ermanganate  solution.  The  dif- 
ference between  tlie  number  of  cc.  of  permanganate  used  and  the  amount 
which  would  have  been  emi)loyed  if  no  manganese  dioxide  had  l)een  dis- 
solveil  in  the  ferrous  ammonium  sulpliate.  multiplied  by  the  manganese 
equivalent  of  the  solution,  Avili  give  the  amount  of  manganese  in  one 
gram  of  iron. 

The  nu»tlio(l  was  tested  witli  solutions  containing  knoAvu  amounts  of 
manganese  and  gave  accurate^  results.  Tlie  metlnxl  avoids  the  evapora- 
tion t(>  dryness  re<iuired  by  Volliard's  nietluKl  and  also  gives  a  veiy  sharp 
end  reaction,  wliile  tlie  end  reaction  of  \'olliard's  method  is  very  diflfi- 
cult  to  see. 

Tlie  paper  is  pulilislicd  in  tlie  .b)ur.  Anier.  (.'hem.  Soc.  .?'/.  24.*>. 


A  New  HYDROXV-IHIIVDUO-ALPIIA-CAMPHnLYTir  AcTl). 

W.  A.  NoYES  AND  A.  M.  Patterson. 
Dihydro-alpha-campholytic  acid  was  prepared  by  W.  M.  Blanchard  and  one 
of  us  last  year.  From  this  the  alpha-brom.  derivative,  (^Hi^  Z]jr  and  the  cor- 
responding hydroxy  aoid,  G<Hm  Zqh  '  ^^'^^  ^^^"  prepared.  When  the  latter  is 
warmed  with  lead  peroxide  and  dilute  sulphuric  acid  a  ketone  is  formed  which 
should  be  identical  with  the  2-3.3  triraethyl  cyclopentanone,  prepared  synthet- 
ically  by  one  of  us,  if  the  Perkin-Bouveault  formula  for  camphor  is  correct. 
From  the  melting  point  of  the  oximes  the  two  ketones  appear  to  be  different,  and 
the  formula  for  camphor  referred  to  Feems  to  be  no  longer  tenable.  The  rejection 
of  that  formula,  however,  compels  us  to  suppose  a  transfer  of  a  methyl  group  from 
one  carbon  atom  to  another  in  reactions  which  take  place  readily  at  ordinary 
temperatures  under  the  iniluence  of  sulphuric  or  hydrobromic  acid. 
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Some  Drug  Adulterants  of  Note. 
John  S.  Wright. 

[Abstract.] 

Phytolacca  decaxdra  L.— Tlie  loaves,  infloreset'iice  and  young  fruit- 
lug  raciMues  wore  found  mixwl  to  tho  extent  of  about  thirty  per  cent,  in 
bales  of  l»elladonna  leaves  received  In  Indianaimlis  from  Germany.  Decem- 
ber, 1SJ)S.  Since  then  the  writer  has  not  found  them  as  an  adulterant, 
though  many  other  lots  have  l)iM*n  carefully  searchtnl.  The  presence  of 
Phytolacca  was  tirst  betrayed  by  the  abundance  of  young  flowering  and 
fruithig  racemes.  Deprived  of  these.  Phytolacca  leaves  make  a  veiy  clever 
adulterant  for  belladonna  leaves,  as  tlu»  two  ri^emble  in  many  pjirticulars, 
especially  when  dried  and  crushed  or  compressed  in  the  maimer  customary 
for  shipment.  Critical  examination,  however,  reveals  many  differencefl 
of  iMlor.  texture,  color,  size,  shape  and  other  gross  chanicters. 

Since  this  report  was  made,  in  December,  1IH>1.  tlie  writer  has  found 
that  Dr.  C.  Ilartwich  [Schweitz.  Wochensch.  f.  Chem.  u.  Pharm.,  1901,  p. 
430]  gives  i\\i  account  of  a  similar  discovery.  Furthermore,  Dr.  Hart- 
wich  points  out  some  of  the  histological  differences  between  the  two.  so 
that,  according  to  estaldislu^l  rules,  he  deservc^s  the  credit  of  iJriority. 

♦Gknista  tinc'Toria  I^.— The  flowering  and  leafy  stems  of  this  plant 
have  been  ri»<-ently  ofl'ertMl.  mimixed  and  neatl.v  baUnl,  on  the  American 
markets  as  "flowering"  S<oparius-  (*ytissus- Seoparius  (L.)  Link.  When 
bahnl,  (Jenista  bears  a  superfli-ial  resemblance  to  the  otlicial  Si'oparius; 
howi'ver.  th<»  purcliaser  who  accepts  it  as  su<'h  is  ccrtaiidy  a  very  careless 
or  incompetent  inspector  of  drugs.  The  botanical  characters  of  the  two  are 
too  well  known  to  n<»ed  mention  here.    Medicinally  tliey  are  unrelated. 

lliiizoMi:  AM)  sTiPKs  OF  FKHX  spKciEs  iNDETKitMKNED— are  fre<iuently 
ofFennl  for  the  otlicial  wfilr  fnn  or  Asithliitw.  The  otflcial  drug  should  con- 
sist of  the  nvent  rhizomes  and  stipes  of  Dryopteris  Kilix-mas  (L.)  Schott, 
and  D.  margiualis  (L.)  (J ray.  depriveil  of  all  non-green  tissues.  The  spuri- 
ous rhizome  is  smaller  antl  struct urally  veiy  lUilike  the  true  drug.  It  has 
never  been  ol)serv«Hl  in  tlie  recent  state  1>y  tho  writer:  contains  practically 
no  extractives.  an<l  may  l>e  ri'garded  as  wortldess.  So  far,  neither  its 
gtH.>grapliical  nor  its  botanical  source  lias  been  h^arncMl.  At  times  the 
market  ofl'eriiigs  wouhl  indicate  that  it  constitutes  about  one-half  of  the 
available  supply  of  so-calle<i  niah'  f<M*n. 


^"  An  cx.imination  of  tbo  authorities  disclost-d  l)ut  one  reference  to  it  u>  an  adulterant: 
*  Do  not  confu:;c  with  Scopnriiis."— Kiiip's  Am.  Disp..  Re\  i^ion  by  Lloyd  and  Fcltor. 
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Notes  on  Apple  Rusts. 
H.  H.  Whetzel. 

The  followiiijc:  notes  ou  the  npi»lo  rusts  of  Crawfonlsvillo  ami  vicinity 
are  presented  witli  the  liope  tliat  tliey  may  prove  helpful  to  those  inter-* 
este<l  in  this  t'l'oup  of  funjri.  'IMie  ol»servatIons  recorded  here  are  tlie  re- 
sults of  tliree  ytsirs'  study  of  tliese  i»lants.  No  systematic  elassitieation 
of  our  forms  has  been  attempt eil.  but  tlie  species  studied  is  probably 
Tremella  .luniperi- Virginia nae  (ScIiw.k  as  listc»d  i>y  Artlmr  in  his  t Generic 
Nomenclature  of  CtMlar  Appl(»s.  This  is  tlie  most  common  one  iu  our 
lo<'ality.  Special  worli  on  the  anatomy  of  the  cedar  ai>ple  ami  the  varlou» 
forms  in  wliich  tliis  fundus  occurs  is  now  under  way  and  will  be  ready 
for  presentation  soon. 

GEXKKAL  PUKVALKNCK  OF  THK  PARASITE  THKOlCJUOrT  THIS 

IHSTKICT. 

The  ^'ciicral  prevalence  and  abundance  of  this  pest  throughout  this 
section  of  Die  State  is  ti>  lie  attrilnited  to  two  causes:  First,  the  occur- 
renci*  of  cedars  tlirou;:hout  the  tinjbered  tracts  of  this  n*};io!i  in  such  num- 
liers  antl  so  ;r<'ncrally  <listril>uttMl  as  to  insure  a  ludversal  infei/tion  of  the 
ordianls  nf  th»»  district:  stn-nntl.  the  prevailinjr  ijrnorance  of  the  farmers 
and  apple  jrnnvei*s  in  rejrard  to  the  n^lation  of  the  jralls  of  the  ce<lar  to 
the  UtM'stelia  of  the  apjile.  Most  farmers  have  planted  cellars  aliout  their 
yards,  either  for  ornament  or  i>rot<^*tion.  and  as  the  orchards  are  always 
in  close  i)roximity  to  the  house,  the  funjrus  is  place<l  in  a  position  for  easy 
dissemination  and  perp<»tuati(m.  One  farmer  not  far  from  (Yaw fords ville 
altenuited  a  row  of  apple  trees  with  one  of  cedars  throughout  his  on-hai-d 
for  protection  from  winds.  Another  gentleman,  in  the  city.  plantiMl  a  row 
of  cedars  throujrh  his  on-hard  alonjr  either  side  of  the  i)ath  that  leil  from 
the  stn»et  to  his  liouse.  The  result  in  both  cases,  of  course,  is  evident.  Al- 
ntost  every  lawn  in  the  <mt skirts  of  the  city  sui)i)oits  one  or  more  cellars 
to  the  detriment  of  j'very  susc«'ptible  api)le  tree  in  the  neijrhliorhood. 

rilENOMKXAL  AIU'M>AN('E  OF  THK  FlXiU'S  DFRING  lOJX)  AND 
ITS   MAKKKl)  SCAUriTY   THK   FOlJ.O\VIX<J   SEASON. 

Tlie  i)henonienal  abundance  of  the  cedar  apples  and  the  ver>'  marked 
ravages  of  the  rust  on  the  apple  trees  of  the  city  during:  1000  aroused  the 
interest  not  only  of  those  acquainted  with  the  parasite,  but  also  very 
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generally  of  the  citizens  of  the  city.  On  a  field  trip  in  November,  1890, 
we  notUoil  tlio  extraordinary  abundance  and  great  size  of  the  galls  that 
Infestiil  the  cedars  in  yards  and  pastures.  In  commenting  upon  this 
Prof.  Thomas  said  that  never  before  had  he  seen  them  in  such  numbers 
and  of  such  largo  size,  some  of  them  being  at  that  time  as  large  as  wal- 
nuts. The  infection  was  very  general.  Kverj'  cedar  from  the  small  seedling 
to  the  tall  tr(K>  was  fairly  loadcnl  on  every  twig  and  branch  with  the  choco- 
late-brown galls.  Just  what  causeil  this  unusual  abundance  is  not  so  easily 
discovered,  but  perliaps  the  following  record  of  the  weather  for  July  and 
August  and  tlie  lirst  days  of  September,  18J)1),  may  throw  some  light  on 
the  matter.  From  observations  made  the  following  year  it  was  found  that 
the  aecidl()Si)ori»s  brgan  to  ripen  about  July  '2{\.  Beginning,  then,  with 
July  L\S.  we  have  the  following: 

July  28,  isnii • Rain 

August  -J,  1SJK> Itain 

August  r>,  ]KSM> Rain 

August  s,  ISDl) Rain 

August  2r>.  ISJM) Rain 

SeptemlxM'  (»,  1SJ«> Rain 

Six  heavy  rains.  ft>llowed  by  intervals  of  from  three  to  sixteen  days  <if 
warm,  fair  weather,  as  shown  by  the  weather  reports  kei>t  in  the  city, 
the  vei-j'  best  conditions  for  tlie  tlistribution  and  germination  of  the 
aecidiospores  on  the  tinlar.  What  other  factors  may  have  entered  Into 
this  general  infection  we  are  unable  to  say. 

The  conditions  the  folloAving  spring  iVmmii  bore  out  fully  the  promises 
of  the  previous  fall.  The  warm  rains  of  tin?  latter  i»art  of  April  and 
throughout  May  brought  forth  the  yellow  gelatinous  masses  of  teleuto- 
sjjorcs  in  abundance.  So  numerous  and  large  were  the  jial's  tlnit  the  lim'  s 
of  the  trees  l)ent  beneath  the  biu'den  and  the  large  yellow  masses  could  be 
stH'n  fia*  long  distances.  The  warm  sun  of  the  days  following  the  rain 
dried  up  the  gelatinous  masses,  causing  the  telentospores  to  germinate  and 
produce  countless  numbers  of  sijoridia.  which  were  larried  far  and  near 
to  tlH»  apple  trees  of  th(»  city  and  surrounding  country.  TIow  perfect  the 
weather  conditions  of  that  spring  were  for  th(»  disseminaticm  of  this 
fungus,  the  following  record  will  show: 
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April  17,  lOCM) Rain 

April  JO.  IIWK) Rain 

May  (•»— 8.  1D(M» Rain 

May  18—11),  IfKH) Rain 

May  2.3.  11H)0 Rain 

May  lis— 2t),  IIMM) Rain 

May  ;u,  IJMiO Rain 

Hero  were  lK»avy  rains  with  lonj^er  or  shorter  periods  of  fair,  warm 
clays  between  them,  the  thermometer  standing  on  an  average  at  from 
08  degrees  to  70  d(»grees  F. 

Under  eonditions  so  favorable  to  the  fungns,  infection  of  the  apple 
trees  was  very  general  and  tlie  ravages  of  the  Itoestelia  stage  of  the  rust 
were  most  severe.  Late  in  Jnly  the  aeoidiosi)ores  began  to  rii>en,  the 
leaves  of  the  Infected  apple  trei^,  aireatly  disi-olore<l  by  the  numerous 
yellow  spots  that  liad  begun  to  appear  during  the  latter  iiart  of  May,  now 
grew  brown  ami  dropped  off,  so  that  by  tlie  middle  of  August  some  trees 
were  nearly  bjire  and  the  ground  beneath  them  was  covered  with  dead 
leaves.  Most  of  tlie  young  trees  i)Ut  forth  a  second  growth  of  leaves. 
Many  of  the  oU\  trees,  seemingly  nnalde  to  meet  the  unusual  demand, 
either  made  a  feeble  efl'ort  or  entirely  r<»fuse<l  to  put  out  new  leaves  and 
remaintMl  bare  mitil  the  following  spring.  Of  course,  some  perisluHl.  We 
n^'all  seviM-al  su(  h  trees  that  were  cut  the  next  summer.  The  apple  crop 
suflTered  accordingly.  Almost  no  fruit  was  pro<luced  and  the  little  that 
did  mature  was  knotty  and  worthless.  While  the  farmers  of  the  northern 
l)arr  of  the  State,  where  cedars  are  very  scarce,  were  selling  apples  at 
fifty  cents  to  one  dollar  a  bushel,  grocers  in  the  c.itj'  of  Orawfordsville 
sold  them  "three  applcfj  for  five  cents"  and  proiM)rtionately  per  bushel. 
This  failure  of  the  apple  crop  of  this  vicinity,  while  ptThajis  due  in  part  to 
the  dry  weather  of  tlie  latter  part  of  .Tidy.  August  and  the  first  of  Septem- 
ber, was  largely  biH-ause  of  the  ravages  of  the  apple  rust.  Comparison  of 
this  distriit  with  other  apple  producing  sections  of  the  country,  where  the 
drought  was  eiiually  severe  but  where  the  cedar  does  not  occur,  co  ifirms 
this  statement. 

The  general  scarcity  of  the  apple  rust  the  following  year  (llM)l)  was  as 
striking  as  liad  l)een  its  general  prevalence  the  previous  season.  So  scarce 
were  the  galls  in  the  spring  of  lfH>l  that  it  was  with  difiiculty  that  we 
obtained  spe<-imens  enough  to  supply  a  class  of  nine  students.     The  tree 
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whioli  the  previous  year  had  heiit  to  the  >rroiiinl  with  its  weight  of  n^Us 
now  yielded,  after  mreful  search,  but  five  or  six  scrawny  8pecinien8.  Not 
only  were  the  oralis  few  in  number,  they  were  very  ftmnll  and  pro(!uee<l 
comparatively  few  sjjores.  In  many  cases  they  consisted  only  of  new 
growths  on  the  sides  of  the  oM  pills  and  oi-caslonally  even  the  old  gnlls 
bore  n  second  crop  of  telentosiiores.  To  what,  then,  shall  we  attribute 
this  nuirked  dwrease  in  gall  productiiai".'  (Vrtainly  not  to  a  deftclenoy  In 
awidiospore  supply,  for  we  have  already  seen  that  the  supply  of  aecldio- 
si>ores  during  the  summer  of  IIMh)  was  unusually  large:  not,  indeeil,  to 
nnj*  mishap  that  may  have  befallen  the  galls  diu'ing  the  winter  of  15)iM> 
and  ItHil,  for  upon  field  trii)s  <luring  October  and  November.  lOCKK  the 
general  scarcity  of  the  galls  was  very  noticeable.  The  fact  rennihm,  then, 
that  the  galls  were  not  formed.  T<»  us  it  seems  that  the  cause  Is  to  be 
found  in  the  weather  conditions  of  the  latter  part  of  July,  August  and 
early  September  <»f  1!HM).  the  period  <luring  which  the  large  crop  of  aeckUo- 
spores  was  ripened  and  disseminated  and  when  under  favorable  condi- 
tions v«M'y  general  infection  of  tlie  ce<lars  sliould  liave  occurred.  The 
weather  rep<>rts  for  the  i.eri<Ml  indi«ate<I  are  as  follows: 

July  'Jk  P.Mio Rain 

August  1 J  -ir».  luiu) Rain 

August  17  -IS.  V.nn\ Rain 

Only  three  rains.  pra<*tically  only  two.  with  long  periods  of  from  eigh- 
teen to  tliirty  fhiys  of  warm,  dry  weather  between  (there  was  no  rain 
after  August  IS  until  September  lib.  witli  the  thermometer  averaging 
about  so  <l«>gn'cs  V.  A  (■omi)arison  of  ilie  al)ove  witli  contlitions  during 
the  same  period  In  1S*.M>  sImiws  aliout  one-half  the  number  of  rains  as  oi*- 
currcil  tluring  tlie  lasi   mentioned  time. 

The  Hot*sfelia.  while  not  so  abundant  during  tlie  past  summer  (10t>l> 
as  in  IIMM).  liavc  still  been  plentiful  eiKaigli  to  aid  materially  in  the  de- 
struction of  the  remaining  ai>pb*  trees  of  ilic  city  and  country.  The  dry 
weatiier  of  tlie  latter  part  of  the  i>ast  summer  (l'.H)li  has  liad  its  eflfet't 
on  tlie  iiifcrtion  of  tlic  <-cdars.  <;alls.  wliile  present,  are  not  numerous,  and 
a  repetition  ut'  ilie  ravages  of  IJMio  are  not  to  ije  expected.  Weather  con- 
ditions for  tills  period  are  as  ftillows: 

Jnly.   ItMii.  no  rain:  averaijc  temperature,  1m)  degrees  V. 

Angnst  M.  Itml.  rain:  averajre  temperature.  .*^0  degree's  F. 

August  is.  llMH,  rain:  av»M'am'  ti'inperature.  H»  degr<K^s  F. 

Septeiii))er  11,  IlMM.  rain:  averag<'  temperature,  So  degrees  F. 
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AN  EXPEUIMENT. 


For  the  past  throe  yoars  wo  have  had  ofcash)ii  daily  to  pass  the  home 
of  Mayor  Elmore,  of  Crawfordsville.  On  the  lawn  in  front  of  his  house 
stands  a  larjre  cedar  and  just  southeast  of  it.  alK)ut  three  rofls  distant, 
is  a  small  apple  tree,  ahout  seven  years  old.  Durin;^  the  sprinjr  of  VMH) 
we  noticed  the  jrreat  ahundance  of  the  (•e<lar  ai)ples  which  infested  tills 
cedar  and  later  in  the  summer  the  jrreat  number  of  leaves, of  this  apple 
tree  that  were  covered  with  the  Koestelia.  That  the  cedar  jjalls  were  re- 
sponsible for  the  attacks  on  the  apple  tre(»  seemed  quite  evident,  but  we 
de<'ided  to  test  it  by  an  experiment  the  followin^r  spring,  and  also  to  de- 
tennine  if  by  exclusion  of  the  spores  of  the  cedar  pills  the  apple  tree 
mi^ht  not  be  juotected  from  the  ravajres  of  the  Itoewtelia.  Acconlingly 
i)n  April  24.  1!)(H.  (nie  of  the  limiis  of  tlu'  apple  tree  was  en<-lose<l  in  a 
saclc  of  clHH^e<-loth.  The  apple  leav«'s  were  just  l»urstinjr  from  the  buds 
and  the  teleutospores  had  as  yet  not  ripene<l  on  the  cedars.  Aliont  May  1. 
Just  after  a  lianl  rain,  the  tirst  ^eiatinons  stalks  with  their  teleiitosiiores 
made  tlieir  appearance  on  llie  ce<lar  appU»s.  and  on  the  following;  day 
sporidia  in  abnndance  were  produred.  On  May  27  the  tirst  indication 
of  th<»  Itoestelia,  in  the  forin  of  yellow  spots  or  patches,  appeared  tm  the 
expostMl  leaves  of  the  trt»i».  Exannimtion  of  the  protecte<l  leaves  showed 
only  a  very  few  sjjots.  By  Tidy  H  nt>  aecidia  had  ripeneil.  althoujprh  sjht- 
majronia  in  abnndance  had  been  produced.  .Tidy  27  the  tirst  ae<*idia  ma- 
tured. Tile  sack  had  been  iiMUovtMl  .Tune  2.">  and  the  prot(»cte<l  leaves 
showt^l  oidy  about  one-half  as  many  spots  as  the  uni)rottH'ted.  No  more 
spots  appejtrtMl  on  any  of  the  Iwives  durinj?  the  remainder  of  the  seastui. 
The  last  crop  of  sporidia  were  jn'oduced  about  the  last  of  May.  at  least  a 
month  i)efore  the  sack  Inid  been  remove*!. 

It  was  also  f)l)S(»rve<l  that  the  west  side  of  the  apple  tree,  which  was 
directly  expose<l  to  the  cedar,  bore  more  clusters  of  aividhi  per  leaf  thau 
the  east  si<le.  This  fact,  tc^p'tlier  witli  tlie  resnlts  in  the  protectwl  bnuieh, 
seems  to  prove  conclusively  that  the  sporidia  of  the  teleutospores  on  the 
cedar  liad  pnnhiccd  tlie  infection  of  tlie  apple  leaves.  The  failure  of  the 
sack  to  «'xclude  all  of  the  sporidia  was  due  to  their  minute  size  and  the 
opiMinc^ss  of  the  <Iotli.  The  experiment  will  be  rei>eateil  next  sprluje:  with 
clotli  of  a  firmer  texture.  Tlie  fact  that  infection  took  place  through  the 
cheeseclotli  proves  that  the  si»oridia   and  not  the  teleutospores  are  car- 
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ried  to  tlie  api>h»  h»avos.  siin'o  the  openings  in  the  cloth  were  too  small  to 
allow  the  latter  siion*^  tt»  pass  through.  This  fact  seems  to  have  been 
overlooked  in  many  imblished  reiM)rts  on  this  fimgus. 

(JKUMIXATION   OF   TKLKrTOSl»OUP:s. 

Many  attempts  at  the  germination  of  teleutospores  were  made  in  tlie 
lalK)rat<>ry.  Most  of  these  were  more  or  less  suceessful.  The  only  things 
brought  out  worthy  of  note  were:  First,  that  in  general  our  results  eon- 
flrmtMl  the  work  <h>ne  by  H.  M.  Itiehanls  and  reeonled  in  his  paper  in  the 
Botanical  <iazette  for  September.  IKSO;  and  se<'ond.  that  best  results  were 
obtained  when  the  teleutospores  were  germinated,  not  in  an  abundance 
of  water.  l)nt  rather  on  simi)ly  moist  slides  placed  in  the  sunlight  under 
bell  jars.  This  allowiMl  the  spr»res  to  dry  slnwly.  thus  affording  natural 
conditions  for  sjKn'idia  i)r(Mlnrtion. 

Several  gelatinous  galls  were  allow«Hl  to  dry  in  the  sunlight  on  the 
wind(>w  sill.  An  al>undan<-e  of  sj)oridia  were  protlucfd  which  covered  the 
sill  benc'ath  and  nl)ont  tlie  galls,  wliile  wet  material  show(Hl  uiK)n  exam- 
ination no  sporidia.  This  strengtiiens  tlie  siatiMiKMit  previously  made  that 
the  spori<lia  and  not  tin*  teleutospores  an*  disseminated  by  the  wind,  since 
evidently  tlH»  ti'lentospores  never  leavt'  tlie  ^all  bef(>re  germination. 

TiiK  (;atj.s  ri:Ki:\\iAL. 

As  already  mentioned,  it  was  ol»serv«Nl  that  many  <if  tiie  galls  of  the 
sin'ing  of  IJMM  Avere  Init  outgrowtlis  on  the  sides  of  old  galls  and  that  in 
many  ejis<»s  tliese  old  ^alls  liore  a  s(MM»nd  erop  of  teleutospores.  Althougrh 
no  further  inv«*stigation  has  )M»en  made,  tliere  api>ears  to  be  but  one  solu- 
tion to  the  i>n>l)lem,  and  tliat  is  that  the  my<-elium  Iiad  snnnnenMl  in  the  old 
galls.  produ<'ing  tlie  new  onty:roAvths  and  llie  second  cro]>  of  spores  In  the 
spring.  As  far  as  we  luive  found,  no  record  of  such  a  condition  has  been 
made,  and  while  evidence  seein^  to  sIkjw  tliat  ilie  niy<-elium  is  perennial, 
we  wish  to  invest igat I'  fnrtlier  before  making  a  detinite  statement  and 
only  otTer  this  oliservatioii  as  a  matter  for  consideration  by  those  who 
may  be  workini:  on  this  fungus. 
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SUSCEPTIBILITY   AND  IMMUNITY  OF  DIFFERENT  SPECIES  OF 

AI^PLES. 

Some  obsen'ations  were  made  in  diflferent  parts  of  the  city  to  de- 
termine the  susceptibility  and  immunity  of  different  species  of  apples.  In 
the  experiment  already  described  the  apple  tree  Infested  was  of  the 
Miluin  variety.  In  the  same  yard  in  which  this  tree  stood  was  another 
appli'  tree  tluit  was  never  Infected  by  the  rust.  It  was  a  fall  apple, 
variety  unknown.  In  another  yard  In  another  part  of  the  city  stood  two 
apple  trees  with  interlocking  branches;  one  was  of  the  Bellflower  variety, 
a  winter  apple,  the  otlier  was  a  large  fall  apple,  variety  unknown.  Across 
the  street  to  the  west  stood  two  cedars  that  usually  bore  a  few  galls. 
The  Bellflower  always  suffered  severely  from  attacks  of  the  pest,  while 
the  other  tree  remained  free  from  it.  The  difference  in  the  appearance  of 
these  two  trees  by  the  middle  of  August  was  most  striking.  The  Bell- 
flower,  with  Its  sickly,  yellowish  foliage,  mottled  with  the  dark  clusters 
of  Roestelia.  presented  a  striking  contrast  to  the  dark,  healthy  preen  of  its 
neijxhbor's.  The  efl'ect  was  also  very  noticeable  in  the  apples  of  the  two 
trees.  Tliose  of  the  Bellflower  were  small,  knotty  and  not  numerous, 
although  the  branches  had  been  loaded  with  blossoms  during  the  spring. 
The  apples  of  the  other  tree  were  large,  perfect  and  i>lentiful.  More 
exteiuled  observations  regarding  this  point  will  be  made  next  spring. 

The  selection  of  immune  varieties  seems  to  be  the  only  solution  of  the 
problem  of  the  extinction  of  the  fungus,  at  least  in  this  vicinity.  Not  only 
do  cedars  occur  In  the  natural  forests  of  the  region,  but  they  have  been 
very  generally  i)lanted  by  farmers  for  protection  and  decoration  so  that 
the  only  other  method,  the  destruction  of  the  cedars,  is  quite  out  of  the 
question,  as  so  many  not  concerned  in  apple  growing  would  not  destroy 
their  cedars,  and  the  absolute  destruction  of  ever:^'  red  cedar  would  be 
ntH'Cssary  to  exterminate  the  fungus. 


Notes  on  the  Genus  Ste.monitis. 

H.  H.  Whetzel. 

iKiring  the  past  summer  and  fall  we  have  made  a  careful  study  of  the 

genus  Stemonitis,  as  represented  by  the  si>ecies  occurring  in  the  vicinity 

of  Crawfordsville,  Ind.    This  study  has  brought  out  several  striking  and 

Interesting  conditions  regarding  the  development  of  soine  structures  of 

this  ;:cnus.    The  study  was  made  In  the  laboratories  of  Wabash  College, 

10— Ao»d«my  of  Science. 
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and  the  specimens  examined  represent  the  collections  of  three  years  from 
this  vicinity.  Many  Bi)wie8  were  from  the  campus  and  the  shade  trees 
along  the  ntreets  of  the  citj\ 

Great  care  was  taken  in  collecting.  The  exa<'t  place  of  its  occurrence, 
the  date  and  other  important  data  were  preserved  with  the  material.  The 
best  specimens  of  each  species  were  mounted  for  future  reference,  while 
the  remaining  material  was  preserved  for  study.  On  each  collecting  trip 
every  specimen  of  slime  mould  was  tiiken  and  subsequently  identified  to 
insure  thoroughness  in  the  local  work.  This  was  necessarj',  as  many  «i>e- 
cies  could  be  determined  only  by  extended  study  and  comparison  with 
other  material.  Seveml  species  that  appear  exactly  alike  to  the  naked 
eye  vaiy  gi'eatly  in  minute  structure. 

Besides  this,  very  careful  mounts  were  made,  both  in  balsam  and 
glycerine  jelly,  from  fresh  specimens.  The  spores  were  removeil  from 
those  mounted  in  balsam,  in  order  to  show  capillitium  structures;  others 
to  show  spore  markings  were  niomited  in  jelly,  containing  a  small  amount 
of  potassium  hydrate  to  swell  the  spores.  Careful  measurements  of  spores 
were  kept  and  records  preserved  of  their  color  r»  masse  and  under  the 
microscope.  Fresh  material  was  always  useil  for  color  records,  as  the 
spores  change  with  age,  and  the  entire  six>rangium  with  its  spores  changes 
color  several  times  during  the  process  of  fruiting.  The  following  record 
kept  of  S.  maxima  will  illustrate  this: 

.lune  25.  7  ]).  m.,  plasmotlium,  pearly  white. 

.luiie  LM;,  <;  a.  lu..  fruited  (still  weti.  purple  black. 

.Tune  *J«i.  10  ji.  HI.,  brownish,  dark. 

June  27.  8:^30  p.  ni..  ligliter  brown. 

.Inly  20.  siK)res  shnl.  purple  brown,  pale. 

This  si>ecimen  grew  on  an  old  «-lian'e<l  stump  convenient  to  the  labora- 
toiy.  and  we  examine<l  it  sev<»ral  times  each  day  to  note  any  changes  of 
color.  Rei'ords  of  color  variation  of  sijecies  of  otlnT  genera  also  Dhow 
this  striking  change  of  color  during  and  aft(M*  fruiting. 

For  determination  of  species,  Macbride's  Nortli  American  Slime  Moulds 
were  used,  while  Lister's  Mycetozoa  was  nse<l  for  reference  and  com- 
parison. 

Before  the  presentation  of  the  conclusions  based  upon  a  study  of  spor- 
angium and  siM>re  structure,  the  following  miscellaneous  notes  and  obser- 
vations may  l)e  of  some  interest: 
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Th<^  nnmbDr  of  8i)ecIeB  occun-iiig  iu  this  vicinity,  so  far  as  colle<;tions 
up  to  the  present  show,  are  six  of  tlie  twelve  listed  by  Mael)ride.  Be- 
sides these,  a  seventli  form  was  found  differing  quite  materially  from  any 
other  species  collected,  and  not  correspond injj:  with  any  description  of 
species  listed  by  Macbride  or  any  other  author  consulted.  Tliis  form  is 
very  common,  and  its  distinctive  characteristics  are  so  much  unlilce  those 
of  closely  related  individuals  that  it  is  lioubtless  a  new  siXM'ies. 

Very  hot  days  following  heavy  showers  seenuMl  to  i)rescnt  conditions 
best  suitcHl  for  the  development  of  the  fruitinjr  stage  of  Stemonitis,  and 
from  early  in  tlie  spring  until  late  iu  the  fall  such  conditions  were  sure 
to  bring  forth  beautiful  sporangium  clusters  in  almndanre.  A  hot  morn- 
ing following  a  thunder  shower  is  i>articularly  favorable.  Examination  of 
old  trees  and  stumps  early  in  the  morning  often  revcaleil  tlie  pearly  white 
Plasmodia  pusliing  forth  upon  the  surface.  As  far  as  we  have  observed, 
all  Plasmodia  of  this  genus  are  of  a  pearly  whit<».  Repeated  attempts  to 
bring  these  phisniodia  to  the  laboratory  to  fruit  always  resulted  in  their 
distortion,  partial  development  or  decay.  In  no  cr.se  were  there  normal 
fruits  produced,  although  conditions  seenuMl  to  l>e  favoral>le. 

A  <-areful  review  of  the  particular  habitat  of  each  s]HH*ii>s  revealed  no 
spiH-ial  place  for  each.  We  hav<»  found  them  almost  everywhere,  although 
perhaps  most  frequently  on  the  dci'aying  tnmks  and  stumps  of  the  Red 
Maples  that  line  the  streets  of  the  city.  One  stump  of  R<»d  Maple  has 
produciHi  for  tliree  suc<*essive  yt^ars  the  most  beautiful  spe<*imens  of  S. 
We!)ben:  several  fruitings  being  producinl  each  season.  Three  were 
noted  this  year.  T'sually  an  area  six  inches  in  diameter  on  the  side  of  the 
stump  was  completely  covereil  with  ricli  brown  tufts.  Board  piles,  posts 
and  sides  of  old  buildings  yielde<1  many  fine  specimens.  Some  si)e<*le8 
fruiteil  on  grass  Idades  and  leaves,  wliicli  were  in  <*lose  proximity  to  tlie 
old  logs  in  wliich  the  Plasmodia  grew.  Some  of  the  best  spe<'imens  we 
obtained  came  from  an  old  ciiarnnl  stump  on  the  campus.  'Hie  sporangia 
almost  always  occur  in  very  exposcnl  placw.  This,  together  with  their 
large  size  and  abundance,  maki^  the  discoveiy  of  them  comparatively 
easy. 

Many  and  careful  attempts  were  made  at  germinating  the  spores  of 
the  diflferent  species.  None  was  su<*cessful,  although  several  kinds  of 
media  were  used.  Besides  water,  concoctions  of  rotten  wood,  on  which 
the  specimens  grew,  were  tried,  but  all  without  success. 
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COXOLL'SIONS  DRAWN  PROM  THE  SYSTEMATIC  STUDY. 

Comparison  of  this  genus  with  otliers  of  the  order  has  lead  ns  to  be- 
lieve that  Stemouitis  represents  the  most  perfect  differentiation  and  spe- 
cialization of  tlie  Stemonitaeeae.  Next  in  order  below  it  stands  Coma- 
tricha,  from  which  the  former  is  not  very  easily  separated,  as  its  loweet 
forms  are  much  like  the  higher  forms  of  Comatricha,  only  its  one  char- 
acteristic structure,  the  superficial  net,  serving  to  distinguish  It. 

This  superficial  net  is  i>eculiar  in  several  respects.  In  the  first  place, 
it  is  almost  the  only  example  of  such  a  structure  occurring  among  the 
slime  moulds,  although  a  slight  indication  of  such  a  structure  may  be 
noted  in  the  higher  forms  of  Comatricha.  In  the  second  place,  its  gradual 
development  and  perfection  in  Stemonitis  is  indet»d  very  remarkable.  Be- 
sides, this  gradual  perfecting  of  net  structure  is  found  to  corresijond  with 
a  like  perfecting  of  spore  markings,  so  that  in  a  sijecies  presenting  the  best 
development  of  this  superficial  net  we  find  the  most  specialized  forms  of 
spore  marking.  Another  and  almost  equally  interesting  gradation  in  struc- 
tural development,  parallel  to  the  above,  is  to  be  s(.»en  in  the  inner 
or  supporting  network  of  the  capillitium.  Altliough  presenting  some  ex- 
ceptions, this  shows  on  the  whole  a  tendency  to  a  stea<ly  reduction  in  the 
uuml>er  of  threads  of  the  inner  network  and  a  thickening  of  the  resulting 
ones.  In  the  species  we  liave  studied  there  was  n(»ted.  corresi>onding  to 
the  diflferentiatioii  just  clescril>ed,  a  gradual  incren.se  in  the  height  of 
siK>rangia.  An  examination  of  Macbride's  liste<i  spe<!iefl  present  some 
intrrt'sting  exceptions.  A  wide  variation  in  heiglit  of  sporangia  of  the 
sanu'  si>eeies  Is  i-onnnon.  But  in  general  we  think  it  may  l>e  safely  said 
that  the  tendency  is  toward  taller  and  larger  sporau^'ia,  with  the  increase 
in  coniplexily  of  the  contained  parts.  There  are  other  >;tructures  that  upon 
future  investigation  will  probably  reveal  a  like  gradation. 

T'lK)n  the  discovery  of  this  gi'adual  and  parallel  development  of  certain 
structures,  it  occurred  to  us  that  a  classification  of  llie  species  of  this 
genus.  uiMUi  the  basis  of  the  development  of  some  of  these  structures, 
would  not  only  be  the  most  convenient,  but  mlgJit.  at  Tlie  same  time, 
represent  tiie  natural  sequence  of  the  si)ecie8  in  the  irenus.  Of  coiu'se 
that  stiuctnre  which  sliowcd  this  development,  and  at  the  san»e  time 
proviHl  most  constant  in  tlu*  dift'erent  .si)ecies,  was  the  one  to  be  chosen 
as  tlie  primary  l>asis  of  classification.  Careful  iiive-^tigation  of  a  large 
number  of  individuals  of  each  species  showeil  thnt  f»i>ore  markings  pri- 
marily, with  size  and  color  secondarily,  was  the  structure  to  be  selected. 
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The  siMJCimens  wore  tbeu  gone  over  most  carefully,  and  the  following 
classification  pre[>nre(1.  including  only  the  species  that  have  come  under 
our  observation,  although  a  review  of  the  remaining  six  species  listed  by 
Macbride  showetl  that  they  would  fit  into  and  complete  most  perfectly  the 
classitlcatlon  which  we  had  worked  out.  For  convenience,  the  speclea 
have  been  placeil  in  three  groups. 


CLASSIFICATION  OF  THE  SPBOItiJJr  OF  STEMONITIS. 

Generic  character— the  superficial  net. 

Basis  of  species  classification— spores;  their  markings,  size  and  color. 
Other  stmctural  characters  important  in  separation  of  species— inner 
and  outer  net  structures  of  capillitium;  height  of  sporangia,  and 
general  color. 

a.  Epispore  smooth  or  only  slightly  warteil,  with  low,  scattered 
warts.    Spores  small,  light  colored  or  colorless. 

1.  Stemonitis  imlUda  Wingate. 

Spores  nearly  or  quite  smooth,  4-5//,  pale  reddish 
brown;  capillitium,  inner  network  dense;  outer  net 
meshes  small,  &-1S fi;  height  of  sporangia.  4  mm., 
brownish  purple,  becoming  pallid  with  age. 

2.  Stemonitis  axifera  (Bull)  Macbr. 

Spores  with  low,  scattered  warts,  5-6%/i,  |)ale  red- 
dish brown;  capillitium  as  in  S.  pallida;  height  of 
sporangia  5-10  mm.,  ferruginous,  with  purple  tinge 
after  spore  dispersal. 

3.  Stemonitis  Smithii  Macbr. 

Spores  minutely  warte<l,  5//,  pale  dusky  brown; 
capillitium  more  open  than  in  S.  axifera.  outer  net 
meshes  C-15/i;  height  of  siwrangia.  5-12  mm.,  bright 
yellowish  brown,  rusty,  paler  after  spore  dispersal. 

4.  Stemonitis i'A  (collection  number.). 

Spoires  smooth,  or  nearly  so,  5//,  pale  dusky  brown, 
not  reddish;  capillitium,  inner  network  oi>en.  outer 
net  with  small  meshes  10-25//,  height  of  si>orangia 
10  mm.,  dark  purple  brown,  like  S.  maxima. 


266 


b.  Epi8iK>i*e  dlAtiuetly  warted,  warts  spinose;  spores  larger  and 

darker  than  iu  a. 

5.  Stemonitls  Morganl  Peck. 

Sl>ores  densely  but  minutely  warted  with  spiuose 
warts,  7-8/4,  reddish  brown,  dark  witli  purple  tinge; 
capillitium,  inner  network  loose,  few  branches, 
outer  net  large  meshed  15-40/i;  height  of  simrangia, 
15-18  mm.,  rich  reddish  brown,  dark  with  purple 
tinge. 
0.  Stemonitis  Webberi  Rex. 

Spores  densely  and  very  distinctly  warted,  8-9//, 
reddisli  brown;  capillitium,  inner  net  open,  outer 
net  large,  coarse,  irregular  meshes  o0-125,i/;  heigrht 
sporangia  18  mm.,  rusty  brown. 

c.  EpisiKire  roticulate,  large,  dark,  violaceous  neve^:  brown. 

7.  Stemonitis  maxima  Schw. 

Spores  reticulate,  7-8//,  dark  violace«>us;  capil- 
litium. inner  net  of  medium  density,  outer  net 
meshes  8-40//;  height  of  sporangia  5-10  mm.,  dark 
purple  brown,  becoming  i)allid  with  age. 


The  Vegetation  of  Aiiandonrd  Rock  Quarries. 
Mel  T.  CJook. 

The  study  of  the  eucrojichment  of  plants  on  waste  land  and  the  order 
of  their  success-ion  becomes  cs]>ecially  interesting  in  the  case  of  the  aban- 
doned rock  quaiTies  because  of  tlie  very  small  amount  of  soil. 

The  following  observations  were  made  fi-om  the  srmly  of  three  lime- 
stone quarries  in  (ireeucastle.  Indiana,  and  vicinity.  It  is  imiMVssible  to 
give  the  exact  «j;cs  of  tlu^sc  <inarries:  a  smnll  ji mount  of  i*ot*k  is  still 
taken  from  them.  Hongli  estimates  will  be  given  in  tlie  following  de- 
scriptions: 

Quarry  A.— A  small  quarr>'.  about  t(^n  (»r  lifteen  y4»:ii"8  old;  about  two- 
tliirds  of  the  floor  covcrcMl  with  wattM-.  which  drains  in  fnun  a  small  area; 
no  naturjil  outlet. 

(Quarry  I^.— A  inucli  larger  quarry,  about  fifteen  or  twenty  years  old; 
very  long  and  narrow  and  (extending  eaist  and  west;  the  first  work  done  in 
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tne  westorn  end;  Rmnii  stream  riins  the  entire  length  from  east  to  west; 
another  nuich  smaller  stream  from  a  sprnig  enters  on  the  north  side, 
spreads  out  fan-sliai>ed  and  joins  the  main  stream.  A  small  marsh  in 
one  part  of  (luarry.     Heavy  woodland  on  the  south. 

Quarry  ('.—Very  little  larger  than  B  and  about  twenty  or  twenty-flve 
years  old.  Extending  north  and  south;  first  worli  at  north  end;  small 
stream  runs  through  north  end;  large  pond  in  south  end.  Almost  sur- 
rounde<l  hy  thin  woodland. 


FiR.l. 

There  is  no  soil  in  these  (iuarrit*s  except  the  snnill  amount  incidentally 
carried  in  liy  the  workmen,  by  the  wind,  by  tlu»  streams;  and  the  ix)w- 
den^l  limestone  soil,  the  result  of  blasting  and  crushing. 

Altliougli  there  may  be  uumy  factors  bringing  si»e<ls  into  the  quarry, 
the  two  i)i-incii)al  ones  are  wind  and  water. 

Tiie  order  in  whicli  the  plants  appear  in  these  quan'ies  is  as  follows: 
Algae,  licliens,  mosses,  scouring  rushes,  monocotyledons  and  dicotyledons. 
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The  water  naturally  brings  in  tlie  alpae.  which  grow  in  great  variety 
and  abundajice.  I^iehens  are  not  very  abundant  and  are  usually  found  in 
the  higlier  parts.  The  peculiar  soil  formed  from  ixowdered  limestone 
forms  a  mucl\  in  wliich  a  few  species  of  mosses  grow,  but  not  in  great 
abundance.  A  few  veiy  poor  spe<'imens  of  Equisetum  arvense  were  found 
in  quarry  B,  having  come  in  from  tlie  gravel  bed  of  the  railroad  which 
runs  on  the  north  bluff  of  this  quarry. 


Of  tlie  SperniatoiiliytcH  the  monocotyledons  are  tiie  lirst  to  appeaj%  the 
hydrophytt^  leading  and  invading  tlie  iM>nds.  Of  these  the  most  showy 
is  th<?  TypliJi  latifolla.  L.  (Kig.  1),  whirli  was  very  nlnmdant  in  all  tliree 
qmirric^.  Around  the  margins  of  these  ponds  the  sedges  were  very 
abundant,  gradually  giving  way  to  the  grasses  a  little  farther  back. 

Of  the  dicotyledons,  the  willows  (Salix  sp.i  and  sycamore  (Plataiius 
occidentalis  L.)  were  the  most  conspicuous  (Figs.  1  and  2).     The  willows 


worv  always  in  j?roat  al)un(lanoo  along  the  streams  and  on  the  marglus  of 
tlie  iM)ntls.  Tlio  sycamores  were  by  far  the  most  interesting  growth  and 
were  fomid  abundantly  in  quarries  1?  and  C.  They  were  more  abundant 
and  much  larger  in  the  old  parts  of  the  quany  and  seemed  especially  well 
adapttnl  to  tliis  ptH.'uliar  soil;  in  fact,  tliey  seemed  to  l)e  able  to  grow  with 
little  or  no  soil  except  the  limestone  i)owder  in  the  crevices.  Fig.  3  shows 
a  tHM'  abi)ut  eiglit  iiiclics  in  diameter  growing  out  of  tlie  apparent  solid 


Fig.  :i. 

tloor  of  quarry  (\     Fig.  4  shows  a  tree  of  alM)ut  four  inrlics  in  diameter 
growing  out  of  a  «rcvicc  iirtween  strata  in  tlu>  wall  of  the  same  <iuai'0\ 

In  tlie  older  parts  of  the  quarry  and  around  tlie  nnirglns.  where  eon- 
sideral)le  amounts  of  surfat-c  soil  lias  Immmi  rarricd  in,  the  dicotyledonous 
plants  are  very  abundant. 
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The  common  watercress  (Roripa  nasturtium  L.)  was  abundant  in 
quariy  B,  liaving  l)een  carritni  in  by  the  little  stream  from  the  north.  Its 
spread,  liowever.  was  very  slow,  seemingly  dependent  on  tlie  amount  of 
surface  soil  carried  in  by  the  stream,  since  it  did  not  thrive  in  the  lime- 
stone soil. 

A  few  plants  of  tlie  button  bush  (Cephalanthus  occidentalis  L.)  were 
found  around  the  pond  in  quariy  C. 


1  iK.  4. 


A  summary  j;ivcs  tlic  followin;;  conclusiiMis:  {\)  liic  liist  plants  aie 
the  aljrae  in  fjfreat  variety  and  al)undan<'c.  (lii  .V  very  few  lichens.  C.j)  A 
few 'mosses.  (4)  Kciuisctuni  very  rare:  tlic  soil  not  suited  to  its  jjrowtli. 
(r»)  Typical  liydn)i)liyte  societies  in  tlie  iMinds.  tlie  Typlia  latifolia  beiuK 
most  conspicuous.  The  i)on(ls  slowly  encroached  upon  l)y  the  sedges  and 
grasses:     These  plants  form  a  soil  for  the  many  dicotyledons  which  are 
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found  in  the  older  [Mirts  of  the  quarry.    (0)  The  willows  and  sycamores  are 
tbe  first  trees,  both  being  specially  well  adapted  to  the  thin  soil. 

The  following  census  of  plants  was  made  from  quarry  B  by  Mr.  Guy 
Wilson: 

1.  T>'pha  latifolia  K 

2.  .Uisma  Plantago  aquatica  L. 

3.  ranlcum  dichotomum  L. 

4.  Muhlonlwrgia  sp. 

T).  riileum  partense  L. 

(».  Agrostis  alba  L. 

7.  Cyperus  sp . 

8.  Carex  sp— . 

1».  Ixophorus  glaucus  (Jj.)  Nash. 

10.  .Tum^us  eflfusus  L. 

n.  Junciis  tenuis  AVilld. 

12.  .1  uncus  nodosus  I-. 

V.i.  Salix  sj) . 

14.  rinius  Aniericjuia  L. 

1.").  Uuniex  crispu.s  L. 

1(\.  I'olygoniini  si) . 

17.  Roripa  nasturtium  (Ti.)  Rusby. 

18.  Draba  Caroliniana  AValt. 
1J».  Platanus  occidentalls  L. 
2(».  Potentilla  monspeliensis  L. 

21.  Pyrus  sp.  ^cultivated). 

22.  Melilotus  alba  Desv. 
28.  Tri folium  partense  L. 
24.  lYifolium  repens  Jj. 

2't.  A<-nlypha  gracilcns  A.  (Jray. 

2<>.  Kupl)orl)ia  nutans  Lags. 

27.  llhus  radicans  L. 

28.  Inipaticns  si) . 

21».  Onagra  Oal^esiana  i\.  Gray)  Brltton. 

'Ml  Oaucns  carota  h. 

.'Jl.  Asclepias  incariiAta  L. 

:V2.  VtM'bcna  urticlfolla  L. 

.**•:*••  Scutellaria  lateriflora  L. 

34.  Prunella  vulgaris  L. 
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35.  Heileonia  pulegioides  L. 

30.  Lycopus  riibollus  Moencli. 

37.  Meiitbu  piperita  L. 

38.  Miinulus  alatus  Soland. 

39.  Plantai;ro  major  L. 

44>.  Micrampells  lobata  ^Michx.)  Greeue. 

41.  Laetuea  Scariola  L. 

42.  Laetuea  Canadeusis  L. 

43.  Ambroflia  trilida  L. 

44.  Xantbiuni  struinariuin  L. 

45.  V*ernoniea  sp . 

46.  Eupatorium  perloliatuin  L. 

47.  Solidago  Oauadensis  L. 

48.  Erigeron  Phlladelphieus  L. 

49.  Bideus  laevls  (L.)  B.  S.  P. 

50.  Bideus  froudosa  L. 


Tub  Germinative  Power  of  the  Conidia  of  Aspergilli  s 

Oryzj-:. 

Mary  F.  Hiller. 

Former  iuvestigatioiis  of  the  mould,  Aspergillus  oryzae,  have  resulted 
in  mauy  praetical  suggestions  whieh  have  determined  this  mould  to  be 
of  interest  to  the  eomniereial  as  well  as  to  the  seientifie  publie. 

In  1876  Ahlburg,  the  first  investigator  of  the  mould.  deseribe<l  the 
fungus  and  named  it  Eurotium  oryzae.  Colin,  in  1883,  in  his  study  of 
moulds  as  industrial  faetors,  ealled  it  Aspergillus  oryzae.  Bttsgen.  in  1883, 
gave  the  first  eomplete  deseription  of  this  mould,  and  in  1893  Wehmer 
attempted  n  structural  study.  From  this  time  many  investigators  were 
at  woric  in  many  different  laboratories  working  out  the  life  history  of  the 
fungus.  It  was  Takamine.  a  Japanese  chemist,  wlio  introduce<l  ^\Bper- 
gillus  oiyzae  into  tlie  laljoratorles  of  this  count ly. 

The  careful  experiments  of  many  investigators,  among  whom  are  Jor- 
gensen,  Hansen,  Klocher,  also  Atkinson  and  Hoffman,  wlio  have  treated 
it  from  the  industrial  standpoint,  have  resulted  in  suggesting  fur  this 
mould  many  interesting  properties,  such  as  the  claims  that  the  mycelium. 
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In  developlnjBT.  secretes  a  dlastatic  ferment  and  that  under  certain  conditions 
of  growth  tlie  niould  is  convertible  into  yeast.  These  two  properties  alone 
would  establish  its  vnlue  to  the  commercial  world  aside  from  its  scien- 
tific interest. 

The  object  of  the  fallowing  exi>eriments  is  to  study  the  Rermlnatlve 
power  of  the  coiiidia  of  Aspergillus  oryzae.  the  plan  being  to  test  the 
conidia  of  various  ages  in  different  media. 

This  study  was  suggested  by  a  statement  of  Wehmer's  to  the  effect 
that  neither  the  age  of  the  inoculating  material,  nor  the  medium  upon 
which  it  has  been  gi'own,  affect  the  germinative  power  of  the  conidia. 

The  material  used  in  these  experiments  was  taken  from  cultures  germi- 
nated ui>on  the  following  media:  Wort  (obtained  from  the  brewery,  un- 
fermented,  but  after  having  been  hopped),  wort-gelatine  (wort  fortified  with 
ten  per  cent,  gelatine),  dextrose,  rice,  bran,  also  some  of  the  so-called  orlg- 
hoal  material  which  liad  been  ol)taine<i  from  Takamine.  These  cultures, 
which  were  seventeen  in  number,  covered  the  dates  of  March  29,  1887, 
to  Novenil>er  26,  1898. 

A  new  series  of  cultures  were  made  from  these  seventeeji  cultures, 
which  varied  in  age  from  two  years  and  eleven  months  to  four  years  and 
seven  months,  the  testing  medium  being  wort.  Upon  ^examination  of 
these  cultures  the  following  results  were  obtained:  Cultures  obtained 
from  the  six,  grown  originiilly  ui>on  wort,  and  whfch  varied  in  age  from 
two  years  and  eleven  months  to  thrc^  years  and  seven  months,  had  been 
germinated  and  the  mould  was  in  a  vigorous  and  advanced  stage  of 
growth.  Those  cultures  taken  from  bran,  rice,  wort-gelatine  and  the 
original  material  failed  to  show  any  signs  of  germination. 

In  the  second  series  of  cultures  the  medium  of  germination  used  was 
wort-gelatine.  Tpon  examination  of  these  cultures  at  various  dates,  it 
was  found  that  the  six  taken  from  the  wort  cultures  had  germinated  and 
the  mould  had  grown  vigorously,  while  those  cultures  taken  from  bran, 
rice.  etc..  had  faile<l  as  in  series  number  one. 

Pasteur  solution  was  the  medium  nse<l  in  the  third  series  of  cultures. 
The  results  obtained  were  the  same  as  the  results  from  series  one  and  two, 
the  six  cultures  taken  from  wort  having  germinated  and  all  others  hav- 
ing failed. 

The  fouith  series,  the  testing  medium  bouillon,  gave  the  following 
results:     Six  r-ultures  taken  from  wort  grew,  also  one  taken  from  bran. 
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which  was  four  years  and  six  months  of  age,  the  cultures  from  wort- 
gelatine,  rice  and  the  original  material  having  failed. 

For  a  fifth  seriej^  of  cultures  gelatine  was  added  to  beef  broth,  and  the 
results  of  these  cultures  were  the  six  from  wort  grew,  the  fungus  being 
in  a  vigorous  state,  also  one  from  wort-gelatine,  which  was  three  years 
of  age.  the  growth  not  being  vigorous;  cultures  from  bran,  rice,  original 
material  and  the  remaining  four  of  wort-gelatine  failed. 

The  series  of  moist  clmmbers  in  which  a  drop  of  wort  was  used  was 
then  made,  and  the  following  were  the  results  obtained:  Germination  had 
taken  place  in  cultures  obtaimnl  from  rice  three  years  and  nine  months 
of  age.  one  from  wort-gelatine  three  years  of  age  and  the  six  from  wort. 
Tliose  failed  whi<h  had  been  obtainetl  from  cultures  on  bran,  dextrose, 
original  material  and  the  remaining  four  on  wort-gelatine. 

A  series  of  cultures  was  also  made  using  Pasteur  solution  and  alcohol 
to  normal  solution,  but  no  results  at  all  were  obtained,  germination  having 
failed  in  every  culture. 

New  cultures  wore  made  in  wort  from  the  original  cultures  which  had 
germinated  in  jujit  one  or  two  testing  me<lia  and  were  as  follows:  One 
from  wort-gelatine  which  was  three  yeai-s  of  age  and  had  germinated  in 
bt*ef  broth  and  gelatine;  one  from  rice  tliree  years  and  eight  months  of 
age,  which  had  germinated  in  the  moist  chamber,  wort  having  been  used; 
one  from  bran^  "inw  years  and  six  months  old,  which  had  germinated  in 
bouillon:  one  from  wort-gelatine  three  years  old.  It  had  germinated  in  the 
m<>ist  fhanilKM*.  These  Umv  <-ultur<»s  failed  to  give  any  sign  of  germina- 
ti(Mi.  From  tliis  result  it  is  suggwted  that  the  cutting  oft'  of  the  air  supply 
had  permitted  tiio  roiiidia  to  germinate  in  wort  in  the  moist  chamber 
wliere  the  test  tube  cultures  in  wort  t'aile<l  to  pnnnote  germination. 

A  micniscopicnl  examinaticm  was  made  (»f  the  conidia  from  cultures 
of  various  nuMlia  and  dates,  the  following  being  the  conidia  examined: 
Those  from  original  cultiu'es  in  wort,  wort -gelatine,  dextrose,  from  cul- 
tures of  Series  I,  in  which  wort  was  tlie  medium:  Series  III,  Pasteur  solu- 
tion the  metliinn:  Seri<'s  lA',  bouillon  the  medium.  In  these  examinations 
the  conidia  showed  no  apparent  difl'erenco. 

The  tabular  f(>rm  of  th<'se  exixTiments  and  the  results  obtaine<t  from 
them  suggests  the  following  conclusions: 

First.— The  gei'minative  pijwer  of  the  conidia  of  Aspergillus  oryzae  is 
<lependent  upon  tlie  uhMlium  upon  which  the  inoculating  material  ha«  been 
grown. 
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SeooiKl.— The  aj^e  of  the  inoculating  material  in  these  experiments 
Taiiecl  from  two  years  and  eleven  months  to  four  years  and  seven  months, 
^nd  from  results  obtained  the  jjerminative  power  lessens  with  ape. 

Third.— I  a)  Some  media  are  decidedly  favorable  to  the  fungus  In  re- 
taining its  vitality.  Example  1 :  Wovt.  all  cultures  from  it  having  germi- 
nated in  each  of  the  six  testing  nuHlIa.  (I))  Other  media  are  favorable  un- 
der certain  conditions.  Example:  Wort-gelatine.  Out  of  Ave  cultures  one 
grew  in  one  of  the  twting  me<lia.  (r)  Still  other  meillii  are  decidedly  un- 
favorable. Example:  Dextrose,  cultures  from  it  having  faile*!  throughout 
the  experiments. 

Fourth.— Alcohol  is  not  stimulating  to  tlie  conidia  of  Aspergillus  orj'zae. 
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Spore  Reslstance  of  Loose  Smut  of  Wheat  to  Formalin  and 

Hot  Water. 

William  Stuart. 

'i'he  comparative  absence  of  any  definite  knowledge  of  the  spore  re- 

8istan(*«'  of  tlie  UM>se  smut  of  wheat  to  formalin  and  hot  water,  and  the 

lack  of  any  elticlent  method  of  preventing  losses  to  the  wheat  crop  from  it, 

se^Mii  to  invite  some  attention  to  this  phase  of  the  question.    In  a  measure 
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the  work  wliich  \m»  been  performed  is  simply  a  continuation  of  some  in- 
vestigations begun  during  the  season  of  1808,  and  reported  in  the  Acad- 
emy Proceedings  for  that  year,  pp.  G4-70.  At  that  time  worlj  was  under- 
taken with  both  wheat  and  oats  smut,  but  on  account  of  the  fact  that  the 
wheat  smut  spores  did  not  remain  viable  under  laboratory  conditions 
this  portion  of  the  work  had  to  be  abandoned.  Further  opiK>rtunity  for 
study  of  the  wheat  smut  did  not  present  itself  till  last  summer.  A  con- 
Blderable  quantity  of  smutted  heads  was  collected  from  laat  year's  wheat 
crop  Just  after  the  grain  headed  out,  and  before  the  spores  were  blown  or 
washed  off  the  rachls.  This  material  was  kept  in  the  laboratory  until 
needed  for  use.  Spores  mounted  in  hanging  drop  cultures  over  moist  cells 
showed  good  germination  in  distilled  or  tap  water  at  the  time  the  material 
was  collected,  but  in  the  course  of  two  or  three  weeks  failed  to  germinate. 
As  these  results  corresponded  with  those  of  1898,  it  was  decided  to  try 
germinating  them  in  some  nutrient  solution.  Accordingly  a  Pasteur  sugar 
solution  was  substitutecl  for  the  water,  with  the  result  that  a  vigorous 
germination  was  obtained. 

In  order  to  insure  a  uniform  lot  of  si)ores  for  the  culture  experiments, 
a  sufficient  quantity  of  them  were  jarred  from  the  smutted  heads,  and 
after  removal  of  the  detritus  by  scretmiug,  they  wei-e  thoroughly  mixed 
and  collected  in  a  receptacle  from  which  fresh  supplies  were  drawn  as 
desired. 

Treatment  of  the  sporcs.—The  spoivs  were  treated  in  muslin  sacks,  one 
comer  of  which  was  weighted  with  a  small  quantity  of  shot  in  order  to 
carrj'  the  sacks  down  into  the  solution  and  maintain  them  in  proper  posi- 
tion while  being  treated. 

In  treating  the  spores,  especially  in  the  formalin  solutions  It  was 
found  absolutely  essential  that  only  a  minute  quantity  of  siwres  be  taken, 
otherwise  they  were  apt  to  collect  in  uiaRscs,  and  in  this  way  the  solu- 
tion did  not  readily  permeate  the  whole  mass.  Whenever  this  occurred. 
In  the  shorter  periods  of  treatment,  spores  taken  from  the  interior  of  these 
masses  would  invarlal>ly  show  jjermination. 

Formalin  trfotmfnt.—Tho  strenjjrth  of  fomialin  solutions  used  were  .18, 
.25  and  .5  per  cent.  The  periods  of  treatment  to  which  the  sjKvres  were 
subjected  in  these  solutions  wore  <»ne-quarter,  one-half.  one.  and  two 
hours,  the  four  lots  of  si>ores  being  treated  at  the  same  time,  each  being 
successively  removed  without  in  any  way  disturbing  the  remaining  ones. 
The  treated  spores  were  mounted  as  soon  as  possible  after  removal  from 
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the  formalin  solution,  and,  after  a  microscopic  examination,  were  placed 
in  a  moist  chamber,  the  moist  chamber  being  used  in  order  to  obviate 
the  neee$sii3'  of  using  vaseline  to  cement  the  cover  slips  to  the  glass  cell. 
Better  results  seemed  to  be  obtained  when  the  culture  had  free  access  to 
moist  air. 

The  data  obtained  from  the  formalin  treatment  which  is  given  in 
Table  I,  shows  that  the  quarter-hour  treatment  in  the  wealcer  solutions 
were  apparently  not  effective.  In  the  .18  per  cent,  solution  with  the  quar- 
ter-hour treatment  every  culture  made  showed  good  germination,  while 
in  the  .25  per  cent,  solution  eight  out  of  twelve  showed  germination  In 
the  quarter-liour  treatment  and  one  out  of  twelve  in  the  Iialf-hour. 


TABLE  1. 

Oermination  Tests  of  Spores  Treated  WiJh  FormcUin. 


Strength 

of 
Solution. 

Leoffth 

of 

Treatment. 

Number 

of 
Cultures. 

Cultures 

Showing: 

Germination. 

Percentage 

of 

Same. 

.18 

J  hour. 

4 

4 

100 

.18 

J  hour. 

4 

0 

.18 

1  hour. 

4 

0 

.18 

2  hours. 

2 

0 

.25 

i  hour. 

12 

8 

67 

.25 

i  hoar. 

12 

1 

8.3 

.25 

1  hour. 

4 

0 

.J5 

2  hours. 

4 

0 

.50 

J  hour. 

3 

0 

.50 

i  hour. 

H 

0 

.50 

1  hour. 

8 

0 

JjO 

2  hours. 

3 

0 

Not  treated. 

10 

10 

100 
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The  latter  ;;oriniiintion  is  ])robabl.v  accridental,  owing  to  the  fact  that 
the  half-ht»iir  troatnu'iit  in  tlu*  .IS  in»r  rent,  solution  showed  no  ;j:erinina- 
tlon.    Treatment  in  the  J*  per  rent,  sulntiou  proved  effective  in  all  cases. 

In  order  \u  note  tlio  aetion  of  tlie  formalin  tipon  the  smut  after  their 
removal  from  tin*  solution,  cultures  were  maile  of  the  siwres  at  different 
periotls  after  their  n»moval.  varyinfj  from  a  (juarter  to  one  and  a  half 
hours.  The  data  ohtainiNl.  which  is  i>resented  in  Table  II,  shows  con- 
clusively that  the  formalin  i)roved  <»ffe«-tlve  in  the  tiuarter-hour  treaitnieuts 
if  given  sutflcient  time  tt»  act  ujMni  tlie  spores  l)efore  mounting  them  in  the 
liquid  media.  Spores  treated  a  quarter  hour  in  the  wesvkest  solution  and 
mountcKl  one  liour  after  sIiowimI  no  p^rmination. 


TABLE  II. 

Germination  of  Spores  Treated  1  4  Hour  in  For  inn!  in  Sofution^  Mounted  Some  Time 

AfUr. 


Time  elapeed 

after  removal 

from  Formalin 

Solution. 

Strength 

of 
Solution. 

Number 

of 
Cultures. 

Cultures 

Showing 

Germination. 

Percentage 

of 

Same. 

1    hour. 

.18 

2 

0 

•  • . . 

1}  hours. 

.18 

2 

0 



i  hour. 

.25 

2 

2 

100 

J  hour. 

.25 

4 

2 

50 

i  hour. 

.20 

2 

0 

.... 

1    hour. 

.25 

8 

0 

.... 

In  the  (luarter  \>ov  rv\i\.  siMix'um  \hv  treatment  was  effective  if  the 
siK>n^  were  not  mo\nit<Ml  ft>r  tiiree-quariers  of  an  liuur  after  their  re- 
moval from  the  formalin.  It  would  apiK^ar,  therefore,  that  under  ordi- 
nary eonditions  of  farm  pra<tice  in  wliicli  tlie  seed  is  allowed  to  dry  before 
beinjr  plante<I,  trrninuMit  with  either  strenjrtli  of  solution  should  prove 
effe<tive.  In  actual  practice,  iiowever,  such  a  treatment  does  not  prove 
eff(H-tlve.  This  lias  Im'cu  amply  demonstratiMl  l)y  some  experiments  which 
were  reportcMl  by  Dr.  Arthur  in  the  Thirteenth  Annual  Rei)ort  of  the  Indi- 
ana ExperinuMM  Stati<»n.  i».  21.  .January,  liMH,  in  which  sihmI  treated  a  half 
hour  in  a  .4."i  per  cent",  solution  of  formalin  at  an  avera^re  temperature  of 


279 


124,5  degrees  F.,  sliowed  over  one  per  cent,  of  smutted  heads  in  the  result- 
ant croi). 

Jfot  initrr  tn'fitnnjit.~i)n\y  two  poriods  of  treatment  were  tried  with 
hot  water;  these  were  for  live  and  ton  minutes.  The  range  of  temperature 
tried  was  from  13<)  degrees  F.  to  10<)  degrees  F.  The  highest  temperature 
used  was  nmsidered  the  lowest  point  at  which  the  treiitment  of  wheat  seed 
could  be  expected  to  jn-ove  eflfi»clive.  and  it  was  tlierefore  taken  as  the 
starting  point  in  tlie  work.  As  this  temperature  proved  effective  in  killing 
the  spores,  a  lower  one  was  tried  ami  so  on  until  the  lower  limit  of  effect- 
iveness was  reached.  Tlie  results  of  tlie  work,  which  are  presented  in 
Table  III.  sliow  that  the  lower  limit  of  effective  treatment  was  110  degrees 
F.  for  five  minutes  and  lO.*!  degrees  F.  for  ten  minutes. 

TABLE  II L 

Oermiruuion  of  Spores  Treated  With  Hot  Wadr. 


Temperature 

of 

Water. 

Length 

of 

Treatment. 

Number 

of 
Cultures. 

Cultures 

Showing 

Germination. 

Percentage 

of 

Same. 

130°  F. 

5  minuten. 

2 

0 

.... 

130°  F. 

10  minutes. 

2 

0 

.... 

125°  F. 

5  minutes. 

2 

0 

.... 

125°  F. 

10  minutes. 

2 

0 

.... 

120°  F. 

5  minutes. 

4 

0 

.... 

120°  F. 

10  minutes. 

4 

0 

.... 

115°  F. 

5  minutes. 

4 

0 

.... 

115°  F. 

10  minutes. 

4 

0 

110°  F. 

5  minutes. 

6 

0 

110°  F. 

10  minutes. 

« 

0 

.... 

105°  F. 

5  minutes. 

8 

4 

50 

105°  F. 

10  minutes. 

i\ 

0 

.... 

100°  F. 

5  minutes. 

2 

2 

100 

100°  F. 

10  minutes. 

4 

4 

100 

Not  treated. 

19 

.9 

100 
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The  unusually  low  temperature  at  which  the  viability  of  the  spores 
were  impaired  seems  all  the  more  remarkable  when  we  take  into  account 
the  fact  that  a  treatment  of  the  seed  wheat  for  ten  minutes  at  a  tem- 
perature of  13(i  degrees  F.  is  not  effective  In  removing  all  the  smut  from 
the  ensuing  crop.  The  results  obtained  from  both  the  formalin  and  hot 
water  treatments  would  seem  to  indicate  that  the  spores  are  eajsily  killed, 
in  weak  solutions  of  formalin  and  in  comparatively  low  temperatures  of 
water,  when  brought  in  direct  contact  with  these  agencies. 

The  lack  of  success  in  treating  the  seed  for  smut  seems  to  l>e  due  to 
the  inn])ility  of  the  agency  used  to  reach  all  the  smut  spores.  This  is 
pr()]»al)ly  due  tx)  the  fact  tliat  the  seed  coat  is  somewhat  impervious  ti» 
li<iuid  solutions;  hence,  all  siK>rcs  that  ai-e  held  in  the  interstices  of  the 
seed  nmt  are  n»acht»d  with  difhculty,  if  at  all.  Assuming  this  explana- 
tion to  be  corre<t,  it  w(>ultl  appear  that  a  different  treatment  should  be 
accorded  wlieat  tlinn  thai  adv^xattMi  for  oats.  Some  preliminaiy  treat- 
ment shoultl  Ix'  glv*'n  witli  tlH»  oli.je<*t  of  softening  the  seed  coat,  to  such 
an  extent  as  to  pi»rniit  t>f  tlie  nvidy  action  of  wliatever  disinfecting- agency 
it  is  desinnl  i(»  cnipl<»y.  Witli  tliis  idea  in  view  a  series  of  experiments 
were  undertaktMi  in  wliicli  tli(»  s(hh1.  intende<l  for  treatment  either  with 
formalin  or  liot  water,  was  given  a  pr<»liminaiy  soaking  in  water  at  about 
To  dogre<\^  V.  Tlie  length  of  time  in  whicli  the  seed  was  allowed  to  soak 
in  water  varied  somewliat  inversely  to  the  time  In  which  it  was  to  be 
treated  in  formalin  and  Imt  water.  For  example,  in  the  formalin  tivat- 
nients  in  wliidi  four  lots  of  seed  were  treated,  the  first  lot  was  soaked 
a  lialf  lionr  in  liie  water  and  two  liours  in  the  fornnilin  sc^lution.  wheresis 
tlie  lourtli  Km  was  soaked  tlire<»  liours  in  the  water  and  only  a  quarter- 
hour  in  the  rornialln  solution.  In  the  hot  water  treatment,  somewhat  the 
same  inetlMMl  was  follow(»d.  exc(pt  that  a  sliorier  period  of  treatment  was 
given. 

Germination  tests  were  made  of  tlie  treated  seed  in  a  Geneva  germl- 
uator.  The  treatment  of  the  si^eds  ami  the  tlata  ol^tained  from  the  germl- 
nator  tests  which  are  presente<l  in  Tal>h«s  IV  and  V,  show  that  the  forma- 
lin tn'atments  injnre<l  the  vialiility  of  tlie  seeds  somewhat  more  than 
that  of  the  hot  water.  In  nei flier  ease,  liuwever.  was  the  seed  appreciably 
injured. 
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TABLE  IV. 

Oermination  of  Seed  Wheat  Soaked  in  WaUr,  Then  Trettted  With  Formalin. 


^oake'l  in 

Treated  in 
.18^  Formalin. 

Pre  Cent,  of  Gbrmikatiok  i.v 

Per^Cent. 
Germination. 

CoIdWuter. 

Iday. 

2  dayi. 

3  days. 

4  dayfl. 

5  days. 

}-i  hour. 

2  hours. 

35.5 

74 

82.5 

86.- 

87.- 

87 

1  hour. 

1  hour. 

22.5 

67 

mJi     '      85.5 

.... 

85.5 

2  hour^. 

V^  hour. 

36 

76.5 

84.5 

87 

88 

88.- 

3  hourf. 

H  hour. 

31 

81 

81 

85.5 

875 

«7J) 

Tntrcatcd. 

0 

36.5 

72.'> 

81.5 

%.- 

95.— 

TABLE  V. 
Germination  of  Seed  IVheat  Soaked  in  Water,   Then  Treated  in  Hat  Water, 


Soaked  in 

Treated  in 
Water  at 

V2\)    F. 

Per  Ckxt 

OFitKEMIXATIOX  IS 

Per  Cent. 
Germination. 

Cold  Water. 

1  day. 

i   2  days. 

3  days. 

4  days. 

5  day.-*. 

1  hour. 

Va  hour. 

10.5 

64  J> 

92 

93 

93 

2  hours. 

}i  hour. 

31.5 

76 

93.5 

94 

94 

3  hours. 

10  niinut«8. 

45.') 

81.^ 

91  J> 

91.5 

4  hours. 

10  minutes. 

46 

92 

94.5 

97 

97.- 

Untreated. 

.... 

95 

The  delayed  germiDatlon  of  the  untreated  seed  was  due  to  the  fact 
that  it  had  not  been  soaked  in  water  previous  to  putting  it  in  the  termi- 
nator, hence  it  tooli  some  time  to  absorb  surtlcient  moisture  for  germina- 
tion. 

In  the  formalin  treatment  seed  sonkeil  tliree  liours  in  water  and  then 
treate<l  a  quarter-Iiour  in  an  .18  per  cent,  solution  of  formalin,  was  not  ma- 
terially Injured,  there  being  but  7.5  per  cent,  less  germination  than  from 
tlie  untreated.  That  soaked  one  hour  in  water  and  one  hour  in  the 
formalin  solution  showed  slightly  more  injury  than  any  of  the  others. 

For  the  hot  water  treatment  a  temperature  of  120  degrees  F.  was 
ch(»s«'n.  on  the  supposition  that  though  considerably  lower  than  that  used 

16— Academy  of  Bcieno«. 
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in  ordinary  practice  it  was  neverthelefis  sufficiently  high  to  insure  killing 
all  8i>oreH  with  wliioli  it  came  in  contact.  Four  lots  of  seed  were  treated, 
for  i^eriods  vai-ying  from  one  to  four  hours  in  the  cold  water  and  from 
ten  to  thirty  tninutes  in  the  hot  water.  Tlie  highest  germination  obtained 
was  from  st^l  whicli  had  been  soalced  four  liours  in  cold  water  and  ten 
minutes  in  the  liot  water. 

SUMMARY. 

A  careful  consideration  of  tht»  evidence  at  hand  would  seem  to  indicate 
tliat  in  themselves  smut  siMU'es  arc  easily  destroyed  by  either  formalin  or 
hot  water  treatments. 

Owing  to  the  somewhat  impervious  nature  of  tlie  seed  coats  of  wheat, 
and  the  not  improbable  fact  that  spon^s  And  lodgment  in  the  interstices 
of  tliem,  it  is  difficult  to  reach  and  kill  all  the  spojvs  with  any  ordinary 
method  of  treatment. 

To  render  the  seed  coats  of  wheat  susceptible  to  such  agencies  as  are 
commonly  employed  for  the  prevention  of  smut,  it  appears  to  be  necessary, 
even  imi>erative.  that  they  should  be  son  lied  for  some  time  in  cold  or  tepid 
water  prior  to  treatment. 

A  three  hours*  soaking  in  cold  water  and  a  quarter-hour  treatment  in 
an  .18  per  cent,  formalin  solution  did  not  materially  injure  the  viability 
of  the  seeds. 

Seeds  soaked  four  hours  in  cold  water  niid  then  treated  ten  minutes 
in  water  at  120  degrej'S  F.  gave  slightly  l)etter  germination  than  the  un- 
treated seeds. 


Some  Additions  to  tiib  Flora  of  Indiana. 
William  Stuart. 

The  accompanying  list  of  flowering  and  fungous  plants  are  eome  which 
have  l)een  c(>lle«*tod  by  the  writer  during  the  ]mst  two  seasons.  In  the 
flowering  plants,  out  of  a  list  of  Ave.  three  are  far  n^nioved  from  the 
range  to  which  they  are  accredited. 

In  presenting  the  list  it  has  been  thought  desirable  t<>  append  a  few 
notes  under  each  species,  giving  the  locality  and  soil  in  which  they  were 
collected,  together  with  such  other  observations  as  niiglit  be  deemed  of 
interest. 
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FLOWKllIXG  PI.ANTS. 


1.  Agropyix)!!  (K'oidentale  Scribii.    {A.  Si>ieatum  L.  &  L.)    Colorado  Blue- 

stem.  Tippeiauoe  Couuty. 
This  species  is  not  listed  in  Hrittx>n  aiid  Browu,  but  may  be  found  in 
the  revised  edition  of  Hnlletiu  17  of  Division  of  Agrostology,  United  States 
Department  of  Agriculture,  p.  21>S,  1901.  According  to  Scribner  it  is  found 
•*in  dr>'  or  moist  soil,  Wisconsin  to  Iowa,  and  westwanl  to  Washing- 
ton, Texafl  and  Arizona."  It  was  found  in  abundan<?e  by  the  writer  along 
the  Wabash  and  Monon  railroads  south  of  Lafayette,  in  dry,  gravelly  solL 
Its  Introduction  into  the  State  is  doubtless  due  to  the  railroads. 

2.  Sporobolus  neglectus  Nash.     (S.  vaginaeflorus  Vasey.)     Small  Rush- 

grass.    Tippecanoe  County. 
Found  growing  in  abundance  along  sidewalks  in  West  Lafayette.    No 
other  station  noted. 

3.  Chenopodlum  murale  L.    Nettle-leaved  Goosefoot.    'IMppwanoe  County. 
Collected  along  sidewalk  in  Lafayette. 

4.  Astragalus  Tennesseensis  Asa  (iray.     Tennessee  Milk  Vetch.     Tippe- 

canoe County. 
This  plant  was  collected  in  sandy  Iwttom  land  along  the  Wea  (-reek, 
about  four  miles  south  of  Lafayotto,  and  some  two  hmulred  yards  down 
stream  from  the  Wabash  railroad  bridge.  It  is  prol»able  that  it  owes  its 
introduction  into  the  State  to  the  railroad.  Not  very  abundant  Of  this 
plant  Britton  and  Brown  say:  "On  hillsides.  Tennessee  to  Alabama  and 
Missouri,  March  to  May."    It  was  collected  in  fruit  the  latter  part  of  May. 

5.  Psoralea  tenuiflora  Pursh.  Few-flowered  Psoral<»a.  Tippecanoe  County. 
Found  growing  along  the  Wabash  railroad  south  of  Lafayette.     Not 

abundant.  Collected  in  fruit  July  7,  1901.  Britton  and  Brown  give  the 
range  as  follows:  "Prairies  of  Illinois  and  Miiniesotji  to  Texas  and  Sonora 
west  to  Colorado  and  Montana.  May  to  Octolier." 

PLANT  RI  STS. 

6.  Puccinia    vexans    Farlow.     On    Boutehm    rurtipendnla    (Michx.i    Pon. 

TipiKM-anoe  (bounty.    IL  III.  collected  July  L»0.  1900. 

7.  Pu<*cinia  panici  Dietl.    On  Panicum  virgatum  li.    Tipi>e<janoe  County. 

III.  colleirted  May  30.  1901.     (Teleutospores    of    previous    season.) 
II.  collected  June  22. 
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This  rust  was  collected  on  an  Isolated  clump  of  Panicum  vlrgatum.  In 
the  same  region  as  that  in  which  P.  vexans  was  found.  The  date  of  the 
formation  of  teleutospores  was  not  obtained  owing  to  the  destruction  of 
the  grass  by  fire. 

8.  Aecidium  Pammelii  Trelease.    On  Euphorbia  corollata  L.    Tippecanoe 

County. 
This  aecidium  was  collected  June  9, 1001,  on  plants  of  B.  corollata,  which 
were  growing  in  close  proximity  to  the  clump  of  P.  virgatum  that  was 
affected  with  the  rust  P.  panici.  The  absence  of  any  other  aecidium  sug- 
gested to  the  writer  that  possibly  this  was  the  aecidial  stage  of  P.  panici. 
Accordingly  some  of  the  affected  Euphorbia  leaves  were  collected  and  in- 
oculations made  upon  i>otted  plants  of  P.  virgatum  in  the  station  green- 
house, leaves  of  these  plants  were  inoculated  June  11  and  14,  the  latter 
being  made  with  freshly  collected  material.  In  each  instance  well-devel- 
oped uredosori  wore  obtained  in  eight  days  from  the  time  of  infection. 
As  both  inoculations  were  entirely  successful,  it  would  appear  reasonably 
certain  that  A.  Pammelii  on  E.  corollata  is  the  aecidial  stage  of  P.  panici 
on  P.  virgatum. 

9.  Aecidium  physalides  l*k.    On  Pliysalis  heterophylla  Nees.    Tippecanoe 

County.    Collected  May  22,  1901. 
The  writer  wishes  lo  acknowledge  liis  indebtedness  to  Dr.  Arthur  for 
the  determination  of  the  rusts. 


Effect  of  the  Oomi^osition  of  the  Soil  Upon  the  Minute 
Structl're  of  Plants.-^' 

Herman  B.  D(M?ner. 

The  growth  and  distribution  of  plants  are  dependent  upon  four  flw* 
ton?,  namely,  light.  teni]H?rature,  moisture  and  soil.  Tnder  moisture  are 
included  both  that  of  the  soil  and  that  of  the  atmosphere.  SoU  and  mois- 
ture may  well  bo  treate<i  together,  since  tlie  one  is  greatly  dependent  upon 
the  other.  In  tlie  work  carried  out.  the  only  factor  which  was  varied  was 
that  of  the  soil. 

The  changes  oc^'urrlng  in  plant  structures,  due  to  the  variation  of  any 
of  tljose  factors,  may  Ih»  divided  into  two  jrroups.     These  may  be  con- 


*"Aii  abstraot  from  a  thesis  prc^senUnl  to  tiic  Faculty  of  Punlui*  I'nivcrgity  for  the  derree 
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venlently  Ctilled  perwanait  and  temporary  changes.  Hy  perniaDent  changes 
are  meant  those  which  have  become  tixed  in  the  plant  and  are  due  to  gen- 
eration after  generation  being  subject  to  the  same  conditions.  By  tempo- 
rary changes  are  meant  those  which  have  taken  place  for  only  a  genera- 
tion or  two  and  wlllch  have  not  become  impressed  upon  the  plant  to  such 
an  extent  but  that  it  will  again  revert  to  the  normal  on  l>eing  placed  under 
the  former  'conditions.  To  this  latter  group  belong  the  temporary  reduc- 
tion of  leaf  surfaces,  stunted  growths,  and  other  similar  changes.  It  is 
only  this  latter  group  which  can  possibly  figure  in  the  work  carried  on. 

The  study  of  the  gross  changes,  due  to  the  variation  of  soil  conditions, 
has  always  been  one  of  great  interest  to  the  botanist.  These  changes  may 
be  seen  in  nature  all  about  us  and  often  tlie  vegetation  of  a  region  will 
give,  to  the  ti-ained  eye,  the  conditions  of  the  soil.  Tlie  soil  is  now 
studied,  not  by  chemical  analysis,  but  by  what  will  grow  upon  it. 

The  object  of  the  experiment  lias  been  to  determine  whether  these 
variations  in  the  soil  have  given  otlier  than  gross  changes.  Although  the 
minute  difft?rc'n<-es  wore  the  main  object  in  view,  all  gross  changes,  which 
occurroil,  were  iiotcnl  in  order  to  trace  their  connection  with  the  minute 
ones. 

Tlie  soils  used  in  tlie  experiment  were  a  good,  dark  loam,  a  good  yel- 
low elay.  and  a  clean  pit  sand. 

The  loam  use<l  contained  only  a  very  small  quantity  of  sand  and  was 
taken  fi-om  a  field  which  had  been  under  cultivation  for  a  number  of  years, 
but  to  which  little  or  no  manure  had  been  added  for  some  time.  It 
contained  a  large  amount  of  silt  and  humus. 

The  clay  also  contained  a  very  small  quantity  of  sand  and  was  secured 
only  a  short  distance  from  a  brickyard.  The  soil,  howevei*.  was  a  little 
too  light  for  brlck-makiug. 

The  sand  was  a  clear  pit  sand,  not  over  sharp  or  ver>'  coarse.  On 
washing  it  showed  very  little  silt  or  foreign  substances. 

The  other  three  conditions,  temperature,  light  and  moisture,  were 
kept,  as  nearly  as  iK>ssible,  uniform  for  all. 

In  watering,  great  care  was  taken  to  keep  them  in  the  best  growing 
condition.  The  plants  were  only  driven  water  when  they  required  it.  so  that 
in  no  case  were  they  overwatered  or  allowed  to  dry  out  more  than 
possible. 
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The  plants  were  grown  in  a  greenhouse  with  a  day  temperature  of  abont 
21  degrees  C  and  a  night  temperature  of  about  16  degrees  C.  However, 
on  bright,  sunny  days,  the  temperature  went  as  high  as  27-30  degrees  C. 

Tlie  plant«5  were  arranged  upon  the  bench  with  enough  distance  be- 
tween them  to  allow  them  to  receive  light  from  all  sides.  This  was  neces- 
sary in  order  to  avoid  distortions  due  to  overcrowding. 

In  selecting  the  plants,  an  attempt  was  made,  as  far  as  possible,  to 
select  only  tliose  which  were  representatives  of  large  families.  Those  used 
were  the  carnation,  chrysantliemum,  geranium,  bean.  com.  and  the  onion. 
At  the  same  time  they  also  ivpresent  three  modes  of  reproduction:  namely, 
by  seeds,  by  bulbs,  and  ]>y  tlie  ordinary  cutting  or  slip. 

In  malting  a  study  of  the  gross  difference  the  following  i^oints  were 
noted:  The  size  of  the  plant,  the  length  of  the  petiole,  size  and  color  of  the 
leaves,  diameter  of  the  stems,  length  of  tlie  interno<ies.  and  size  and 
abundance  of  tlie  roots.  For  the  minute  differences,  the  structures  of  the 
leaf,  stem,  and  roots  were  studied. 

In  counting  the  numl)er  of  stoma ta  sc<*tions  were  talien  from  various 
parts  of  the  leaves.  The  sections  were  then  placed  under  the  microscope 
and  a  spot  chosen  at  random.  Twenty  counts  were  made  for  eacli  side  of 
the  leaf  and  the  average  taken. 

The  bulbs  of  the  onion  and  the  seeds  of  the  corn  and  bean  were  planted 
directly  into  the  five-inch  pots  in  which  they  were  to  remain.  On  the 
other  hand,  the  roote<l  cuttings  of  the  carnation,  chrysanthemum,  and  ger- 
anium were  first  planted  in  two  and  one-half -inrh  pots  and  later  trans- 
feiTcd  to  foiu'-inch  pots,  in  which  they  were  allowed  to  remain. 

A  close  study  of  the  changes  in  the  gross  strnctui*e,  due  to  the  varia- 
tions in  the  soil,  show  that  the  efftxt  of  a  heavy  clay  upon  a  plant  is 
almost  the  siini<»  as  that  of  a  sand.  This  may  be  partly  explained  by  the 
fact  that  although  a  clay  soil  is  very  rich  in  plant  foods,  the  roots  find 
such  dilhculty  in  ix^netrating  it  that  the  greater  part  of  It  is  unavailable. 
Hence,  the  plant  suffers  in  the  same  manner  as  when  gmwn  in  Siind,  which 
is  poor  in  plant  foods. 

A  change  in  soil  was  f(mnd  to  result  in: 

First.-  A  decrease  in  size  from  the  loam  to  the  sand.  In  all  cases  the 
sand  producer!  a  dwarfed  growth. 

Second.— A  decrease  in  leaf  surface  from  loam  to  sand.  In  no  case 
was  the  leaf  surface  in  the  sand  over  one-half  that  of  the  loam. 
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Third.— A  viu'latiou  iu  color.  The  clay  soil  gave  a  very  dark  green  leaf, 
while  that  in  the  sand  was  always  of  a  sickly,  yellowish  green. 

Fourth.— A  do<»rea5ie  In  length  of  petioles  from  loam  to  sand. 

Fifth.— A  de<Tease  in  the  diameter  of  the  stem  from  loam  to  sand. 

Sixth.— A  decrease  in  tlie  length  of  the  interno<les  from  loam  to  sand. 

Seventh.— A  decrease  in  the  mass  of  roots  from  the  loam  to  the  sand 
witli  tlie  exception  in  the  case  of  the  onion.  However,  when,  the  size  of 
the  plant  is  Uiken  into  c»onsideratlon,  the  mass  of  roots  of  the  iilants  in 
sand  was  always  relatively  the  greatest. 

As  a  result  of  these  numerous  variations,  the  plants  In  the  sand  have 
a  stunttnl  growth  al)ove  soil  and  an  increasetl  growth  in  the  soil.  Tliis 
is  also  tnie  of  tlie  clny.  but  not  to  such  a  great  extent  as  in  the  sand. 

The  dianges  in  the  histological  structure  are  not  so  general.  Those 
whicli  <lo  tak(»  pla<*e  are  more  for  si>eciflc  rather  than  genei'al  cases.  Tlie 
changes  which  are  general  may  lie  summed  up  as  follows: 

First.— A  d<K'ixs'ise  in  the  transpiring  surface  from  the  h)ani  to  the 
sand. 

SiN"t»nd.— A  dtHivase  in  the  relative  size  of  the  wtMMly  tissues  of  the  root 
from  the  Iomih  to  the  sjind.  This  decrease  was  due  to  a  variation  in  the 
numher  of  C4»lls  rather  than  to  their  size. 

Third.-  A  hirger  number  of  crystals  for  the  clay  soil  than  either  of  the 
other  two.  This  was  true  in  the  two  plants  in  which  the  i-rystals  were 
f«»un<l,  the  carnation  and  the  geranium.  These  crystals  were  found  l>oth 
in  the  stems  and  tlie  leaves. 

Fourth.-  A  greater  wood  development  In  the  loam  than  in  either  of  the 
oth^-rs.  This  increase  was  not  due  so  much  to  an  increase  In  the  size  of 
the  cells  as  to  their  number. 

There  was  <iuite  a  variation  in  tlie  number  of  stonntta.  but  these  varia- 
tions were  spe<-iti<'  and  not  general.  In  some  cases  the  loam  had  the 
highest  average,  in  others  the  clay,  but  in  most  <'ases  the  greatest  number 
were  in  the  sand.  In  one  ca.*ie.  the  corn,  the  loam  showed  the  greatest 
average  for  both  sid(»s  of  the  leaf.  In  the  l>ean.  the  clay  gave  the  greatest 
average,  while  in  the  onitm.  carnation  and  geranium  tlie  sand  gave  the 
most.     <See  table.) 

In  tlve  cas(^s  out  of  the  six.  the  h»ain  gave  the  thickest  leaves.  In  the 
sixth  case,  that  of  the  carnation,  the  elay  gave  the  greatest  average. 
This  increase  in  tlii«*kness  was  caused  by  a  general  increase  In  thickness 
of  all  the  tissues  of  tlie  leaf. 
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In  those  plants  hearing  triohomos  it  was  found  that  those  growing  in 
the  loam  had  the  smallest  number. 

An  interostinjr  fact  was  noted  in  connection  with  the  development  of 
wood  in  the  carnation.  The  loam  here  gave  the  greatest  wood  development 
and  the  day  the  least,  while  on  the  other  band  the  clay  showed  a  heavy 
band  of  hard-bast.  A  deci-ease  in  the  amount  of  woody  tissue  seems  ta 
have  been  followed  by  an  increase  in  the  amount  of  hard-bast.  In  the 
clay  specimens  where  there  Is  such  a  large  amount  of  hard-bast,  the  wimmI 
is  merely  represented  by  a  few  large  vessels  and  a  few  wood  cells. 

In  conclusion,  it  may  be  said  that  as  a  result  of  the  variation  of  S4>ilM, 
there  are  more  marked  changes  in  the  gross  than  in  the  minute  structm-e. 
The  changes  in  gross  structure  are  general  for  all  the  plants  studied,  while 
the  changes  in  the  minute  structures  are  more  for  specific  than  for  gen- 
eral cases. 

TABLE  SHOWING  NUMBER  OF  SToMATA  PER  SQUARE  MM. 


VlM'KE  SlDK. 


Sand.  :  Clny. 


Bean  7.2  ;  l.ti 

Corn :U.O  I  :^J.n 

Onion I     

Curnatiim ST .2  '  sk.2 

(Geranium >>2.4  42.4 

Chrysanthemum  ' 


LowKR  iSinK. 


liiiam.  :'  Sand.      Tiny. 


43.6 


74.0 
:V).2 


Loam. 


AVKBAGF.  FOR  BOTH 
SiDKB. 


Sand. 


CIny.  I  Loam. 


:U2.s 
72.S 
8.'..r. 


six, 


as2.«  !    Ii52.4  j     175.0       192.2       133.0 
•W.2  I      72.0    '      .'W.I         47.«i  :      nT^ 

:.:^.2  j     X\.f^       

W.5 


73.i<  I     JW.i       r>7.ri 
i 
177  .U       lt«-^..0 


^•7.4 


sj*.2 


m.i 


7S.S         71.1 
1(«9.7       115.4 


^N'l  count  way  ma'lc  fi>r  the  u|ii>er  f>idt',  as  it  was  iui|)oE}<ible  to  remove  the  epiderniiv. 


EXPLANATION  OF  PLATES. 
In  the  illQBtrations,   I   always  represents  those  plants  grown  in  loam ; 
2,  those  in  flay  :  and  3,  those  in  sand. 
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f  t  i  i 


Chrysantheiniiin. 
Carnation. 


Ueiin. 
Gernniiim. 


Union. 
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Corn. 


Bonn.  . 


('•.rn. 


rOl 

^  ^  ill' 

n    a   IS 
n  a  E 

■     If  9 

P  a  4      1 

1             V   B  B 

Onion, 
(leranium. 
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Cbry}*antheiiiuin. 
('arnution. 
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A  Collection  of  Myxomycetes. 
Fred  Mutchler. 

This  collection  was  made  during  the  month  of  October,  1901,  in  the 
n^ghborhood  of  Bloomington,  Iiid.  Lister's  "Mycetozoa"  was  used  in 
classifying  them  and  the  names  ^'iven  tlierein  have  been  observed  in  this 
list. 

Amaukosporales.    (Spores  violet.) 

I.    Calcarinea.    (Sporangia  containing  lime.) 

Order   I.    Pljysoraceae.    (Lime  in  granules.) 

4.    Fuligo  septica  Gmelin. 
Order  H.    Didymiaceae.    (Lime  in  ciystals.) 
12.    Didymium  nigripes  Fries. 
Didymium  Xanthopus  Fries. 
IL    Amntnorhactivcae.    (Sporangia  without  lime.) 
Order    I.    Stemonitaceae. 

ir».    Stemonitis  splondens  Rost. 
Stemonitis  fusca  Rost. 
Stemonitis  fusca.  var.  confluens  Rost 
Stemonitis  ferruginea  Ehrenb. 
Lamprospokales.    (Spores  otlior  than  violet.) 
I.    Aneminvav.    jNo  capillitium.) 
Order   I.    Heterodermaceae. 

•J4.    Dictytlium  uml)ilicatum  Schrader. 
IL    Calojieminrne.    (Capillitium  present.) 
Order    I.    Triclilat'eae. 

3:5.    Tri<-hia  fallax  Ters. 
Trichia  attinis  De  Bary. 
Trioliia  favujriuea  Pers. 
Trirliia  toiitorta  Rc^st. 
'I'richia  pcrsimilis  Karst. 
Tricliia   liotrytis  Pt^rs. 
'I'rieliia  scal>ra  Pei-s. 
•  Trirhia  varia  Pors. 

34.    Oligonema  nitons  Host. 
?.,"».    Hemitrichia  rul>l!(irmis  Lister. 
ITcmitrichia  lo<H\irpa  Lister. 


Hemitrlchia  olavata  Rest. 

Heniitriohia  intorta  IJster. 

Heiiiltriohla  Karfltenii  Lister. 

Hemitrlchia  stlpata  Mass. 
Order  II.    Arcyriaeeae. 

37.    Arcyria  puclnea  Pers. 

Arcyria  stipata  List. 

Arcyria  <ligitata  McBr. 

Arcyria  nlbida  Pers. 

Arcyria  incarnata  Pers. 

Arcyria  uiitans  (Bull.)  Grev. 

Arcyria  forruginea  Sant 

Arcyria  flava  Pers. 

Arcyria  iiisigDis  Kalchbr.  and  Cooke. 
30.    Pericliaena  variabilis  Rost. 

Periciiaona  clirysospenna  List. 
Ord^r  III.    Margarltaceae. 

41.    Diaueina  depressum  List. 
Order  IV.    I^ycogalaceae. 

43.    Lycogala  miniatum  Pers. 

Ly(X)gala  exigium  Morg. 

Lycogala  flavo  fiiscum  Rost. 


A  Study  of  the  IIistoloiiy  of  tiik  Wuoi>  of  Certain  Species 

OF  Pines. 

Katherine  E.  GK)lden. 

Tlie  conifers  grow  in  tliiol«nt^.s  similarly  to  the  dicotyledons,  but  their 
w<M>d  differs  very  considerably,  particularly  tlie  s^econdary  wood,  in  which 
wood  vessels  arc  entirely  absent.  In  the  tii-st-year  wood  a  few  vessels  are 
<leveloped  clos(»  to  the  pith,  l)ut  the  nfter-growth  is  composed  entirely  of 
trnrheides.  Tlie  tnielieides  are  tibre-lilve  elements  with  peculiar  bordered 
pits,  and  are  very  similar  in  tli<Mr  apiK^aranco  in  the  different  species,  and 
yt»t  tiie  woijd.  taken  as  a  wliole.  differs  very  materially,  varying  from  the 
veiY  soft.  lij;lil  wood  of  tlie  wliite  pine  to  the  hard,  dense  wood  of  the 
Ion >;- leaf  pine. 
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In  onler  to  (h^tormlne.  If  possible,  what  iMX-uIlnrity  of  structure  pro- 
liuctHl  such  variations  in  the  wood,  since  tlie  wood  itself  is  formed  en- 
tirely of  similar  elements,  and  there  is  not  the  <*hance  for  variations  in 
structure  that  apix^ar  in  the  dicotyledonous  wood,  certain  species  of  the 
pines  were  examined  micros<^)picall3',  by  nie^ins  of  sections  and  by  macera- 
tion of  the  wood,  by  the  latter  method  separating  the  elements.  Thirteen 
spts^ies  were  examined.  The  w<hkI  varitnl  in  jijre  fi'om  seven  years  in 
rinus  glabra  to  over  fifty  years  In  IMnus  elliottii.     In  order  to  compare 


Pine  Trarheiiie.-.    X  l-r>. 
the  elements  in  the  different  spe<'ies.  and  also  the  spring  and  summer  wood 
of  the  same  spe<'ies,  camera  Incida  drawings  were  nmde  of  the  tracheides. 
These  were  then  measunnl.  so  as  to  determine  the  actual  length,  width, 
and  The  thickness  of  the  walls  of  the  spring  and  the  summer  woods. 

Tlie  rabies  f?ive  the  results  of  the  measurements,  the  characteristics  of 
the  w.mhIs  as  obtained  from  .sections  studie<l  with  the  microscope,  and  also 
the  properties  of  the  wood  in  bulk. 
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In  examining  tlie  iif^iires  obtained  it  is  seen  there  are  six  species  in 
which  the  spring  wooil  tracheides  are  longer  tbaji  those  of  the  summer, 
while  seven  speoles  liavo  the  summer  tracheides  the  longer.  The  species 
in  each  group  sliow  variations  in  luirdness  and  strength,  so  that  talcing 
the  length  of  tho  tracheitleA  an  a  factor  by  itself  nothing  can  be  deduced 
in  regard  to  the  (inality  of  the  wood,  but  taking  the  leng^th  ajid  comparing 
it  with  tlie  widtli  of  the  cells,  and  again  comparing  the  width  and  the 
thiclinetw  of  walls  together,  an<l  the  amount  of  the  spring  aiid  summer 
wood,  the  strength  can  l>e  determine<l  Avithln  limits  in  each  species. 

For  instance,  in  P.  ])<mderofta  scopuloi'um  the  spring  tracheides  are  129.6 
times  as  long  as  they  are  wide,  and  the  summer  tracheides  164.4  times 
their  width,  the  thickness  of  tlieir  walls  is  not  nearly  as  great  as  that  of 
many  of  the  others,  but  when  the  thickness  is  compared  with  the  width 
of  the  cells,  it  is  found  to  be  fairly  thick,  and  as  about  two-thirde  of  the 
annual  ring  is  summer  wimkI.  we  have  an  explanation  of  the  strength  of 
the  wood. 

Taking  any  of  these  fa<'tors  alone,  it  does  not  mean  anything,  as  the 
lengrth  of  the  elements  may  1h»  very  considerable,  but  the  width  may  be 
also;  theji.  again,  the  elements  may  have  rather  thin  walls,  if  the  thick- 
ness of  the  wall  alone  wore  considered.  But  when  the  size  of  the  cell 
as  a  whole  Is  taken  into  consideration  along  wltli  the  thickness,  the  pix)- 
portion  of  wall  may  be  gr«iter  than  the  tigures  representing  the  thick- 
ness indicate. 


Contributions  to  the  Flora  of  Indiana. 
Stanley  Coulter. 

The  notes  included  in  this  c^ontrlbution  are  based,  partly,  upon  a  crit- 
ical study  of  certain  spe<*ies  and  partly  upon  reports  and  materials  sub- 
mitted by  those  Interested  In  perf<»cting  our  knowledge  of  the  flora  of  tlie 
State.  They  are  presented  In  the  lioi>e  that  they  may  prove  of  interest 
and  value  to  the  lM)tanical  workers  of  the  State. 
Pinus  StrohuJt  Jj.    White  Pine. 

From  Mr.  C.  F.  Very,  of  New  All>any,  I  have  received  abundant  &i)eci- 
mena  of  the  leaves  and  cones  of  this  species  with  the  following  notes. 
The  specimens  are  from  trees  planteii  by  the  father  of  Mr.  Very  some 
seventy  years  ago.  and  one  of  them  is  a1>out  sixty  feet  in  height,  with  a 


298 

trunk  diameter  of  eighteen  inches:  **They  came  from  that  native  grove 
of  white  pine  in  tlie  northeastern  part  of  Floyd  County,  near  the  line  of 
Clark.  At  the  time  my  father  got  them,  about  seventy  years  ago,  there 
was  quite  a  grove  of  the  white  pines  there,  one  of  them  being  quite  an  old 
tree,  which  would  throw  them  back  of  the  time  of  white  men.  The 
Knobs  in  that  region  are  now  covered  with  old  field  scrub  pine"  (P. 
Virginiana  Mill).  The  note  is  interesting  as  extending  the  local  range  of 
the  white  pine. 
Eriophorvm  gracile  Koch,  as  given  in  tlie  State  t'lora,  page  655,  becomes 

E.  paucinervium  (E)iigelm.)  A.  A.  Eaton,  as  will  be  seen  by  reference  to 

Britton's  Manual,  page  182,  and  the  latter  name  should  replace  it. 
Eriophorum  gravUe  Koch,  of  Britton's  Manual,  but  not  of  the  Illustrated 

Flora,  has  been  collected  by  Mr.  C.  G.  Deam,  of  Bluffton,  In  Wells 
■  County.    The  determination  of  the  form  was  made  by  E.  S.  Steele, 

Assistant  Botanist,  Department  of  Agriculture,  Washington. 
E,  paucinervium,  therefore,  replaces  /;.  gracile  of  the  State  Flora,  and  E. 

gracile  of  Britton's  Manual  is  to  be  added  to  the  Flora. 
Quercus  Texana  Buckley. 

In  Britton's  "Manual  of  the  Flora  of  the  Northern  States  and  Canada," 
pa^e  333,  it  will  be  seen  that  this  species  becomes  Quercus  Schneckii  Brit- 
ton  (Q.  Texana  Sargent,  in  part,  not  Buckley).  Under  the  former  name  it 
was  reported  in  the  "C-atalogue  of  the  Flowering  Plants  and  of  the  Perns 
and  Their  Allies  Indigenous  to  Indiana."*  as  occurring  in  Gibson,  Posey  and 
Knox  Coniitios,  upon  the  authority  of  Dr.  J.  Schneck.  The  statement  was 
also  niado  that  it  would  be  found  to  extend  farther  northward  along  the 
Wabash  River.  Spwiniens  have  come  into  my  hands  since  that  report 
from  Verinlllloii  County,  where  It  occurs  In  considerable  abundance. 
Wliile  closely  allied  to  Q.  paluslris  DuRoi,  with  which  it  is  doubtless  often 
confused,  it  is  also  liable  to  be  mistaken  on  casual  Inspection  for  Q,  rubra 
Ij.  In  addition  to  the  leaf  characters  whi<'h  si^rve  to  separate  the  forms, 
I  have  found  the  shape  of  the  buds  and  color  of  the  twigs  of  value.  The 
buds  are  uior(»  sharply  conical  and  apparently  much  more  compactly  built 
than  in  either  Q.  rubra  or  Q.  italustris.  The  twigs  are  of  a  lighter,  more 
dellnite  gray  than  in  the  other  forms  and  have  in  addition  a  peculiar  dusty 
ai>p<'arance,  because  of  their  i»einjr  slijrhtly  tomentulose.  A  reference  to 
Biitton's  Manual  as  cited  above  will  jjive  leaf  and  fruit  characters.  I  sub- 
mit with  this  specimens  in  flower  and  fruit.  hil>elled  Q.  Texana  Buckley, 


'  lUport  of  Stnte  Geolofiit,  p.  710. 
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which  won*  (rollt^ctcd  in  kAv  lK>ttoiiiK  two  uillw*  niKt  of  Mt.  Carmel,  111., 
by  I>r.  J.  S<-hu(M-k.     In  tho  (\itnl<>};iu*  of  the  Stnto  Fh»ni,  therefore*  Q, 
Schtivvkii  Hrltton  should  rei>la<*e  (J.  Tcrana  Bm-kley,  and  Vorniilllon  County 
Ik*  Mdd<>d  to  th(*  nin^o  thore  assi;:iUHi. 
i^mrciiH  t'lliiisohlHlis  E.  J.  Hill.     Hill's  Oak. 

Mr.  Hill  infoinis  im*  tiiat  this  oak  o<-<-nrs  in  tlie  northw(»stern  (inintieM 
of  tlu»  Stat*'.  Tlu»  nwi^v  as  j^iviMi  in  HrittonV  Manual.  jMi^e  ;W4,  is  Illinois, 
Michipin  and  .Minnt'sota.  It  is  a  tall  trtM*  with  dnK>pinK  lower  braucheH. 
(•lo**e.  jrra.v  I»ark.  llio  inn(M-ni(>st  layer  beinj;  yeHowish.  The  Itnives  are  oval 
to  obovat(M>i'birular  In  outline,  fnnn  (J-l."»  cm.  lonjc  when  nuiture,  det^ply 
.V7  hdu'd,  witli  roundt»<l  sinuses;  sldnin;r  alH>ve.  {glabrous  or  ntmrly  w)  be- 
ncatii:  bas«»  bniadly  (MUMSMtc  to  tnnn'atc:  iMMi<di*s  2.."V-."»  cm.  hwijr.  Arorn 
HIipsoid  to  sul);;iol)ose.  1-*J  cm.  Ion;;,  1-1.r>  cm.  thick,  1-2  times  as  lon^  H8 
<up.  (Tritton's  Manual,  lor.  ril.)  'Hie  speries  shoidd  be  added  to  the 
flora. 
(Jiin'tHs  imt/ofhn folia  iKll.)   Aslu». 

It  will  1m»  rcralh'd  tliat  las!  y<»ar-  I  cxpressMl  the  opinion  that  the  above 
form  was  "so  well  marked  in  our  area  as  Ut  se*»m  entitleil  to  varietal,  if 
not.  indeed,  to  speeiiie  raidv."  1  further  stated.  aft<M*  reviewing  the  his- 
tory of  the  speeies.  that  in  my  jud;rment  "it  sliould  1k»  written  Q.  diffUata 
imuothtrfolia  VA\„  ami  jriven  a  phu'4»  in  the  flora.*' 

In  lirit ton's  .Manual.  pajrt»  :>U.  it  ai)iH'ars  as  above,  with  the  following 
h»af  and  fruit  description: 

'•Leaves  oval  to  oblong  in  outline,  cuneate  to  truncate  at  base.  2-3  dm. 
long,  deeply  5-11  lobed.  persistently  white-tomeutulcse  brfow,  dark  green 
above,  the  lobes  narrowly  triangular,  spreading  or  somewhat  ascending, 
usually  entire:  twigs  tomeutose;  petioles  3-6  cm.  long;  cup  sessile,  shallow, 
its  brnets  appressed;  ac-oni  globose,  about  1  cm.  in  diameter;  about  one- 
half  enclosed  in  cup." 

The  trcH»,  whicli  is  from  UMMIO  degrws  high  in  its  nniximum  develoi)- 
ment.  is  usually  f<»und  in  wet  or  moist  siill.  In  the  southwestern  (*ouJi- 
tU^,  IM*.  .1.  S<'hneck.  I  submit  for  your  insiH^ction  sptH'imens  collectwl  by 
Dr.  Sclnu'ck  n<'ar  Kast  Mt.  <'nrniel.  Ind. 

Q.  fHUjofhirfnlia  ilOli.)  Ashe  is,  tlieref«»re,  to  be  added  to  the  Horn,  hav- 
ing a  i»laec  betweiMi  (J.  flif/ilafu  «. Marsh)  Sudw.,  and  Q.  Mari/landifii  Mueiich, 
being  given  llie  range  :issigned  alcove. 


'  Prorcedinffs  Indiaiin  Acadomy  Science,  Vol.  11,  p.  142. 
17— Academy  of  Science. 
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Qmrvus  Ah'j'andtri  Britton.    (Mniuuil  of  tlio  Flora  of  the  Northern  States 
and  C'aniHla,  inigo  33<».) 

To  this  8iH«cl(»s  l«  to  be  rofornMl  the  forms  cited  in  the  State  Oatalon^ue. 
pafii}  713,  under  Q.  PritiuH  L. 

Q.  AUwiimhrl  is  rh)sel.v  hIUimI  to  Q.  acutninata  (Miehx.)  Houda,  includ- 
Injr  really  what  were  formerly  iv^arded  as  broad-leavod  forms  of  the 
latter  spwies.    The  (U^cription  is  as  follows: 

**A  tr<M»  similar  to  the  pr(HM»din>jr  sjuH^ii^s  {Q.  aruniitiai(i),  but  the  ImveK 
broailest  alwve  tlie  middle,  obovate  or  obhrtiK-olx)vato;  cup  ouimhite,  short- 
stallied  or  sessih*.  shallow;  a<*orn  ovoid.  l.r»-2  cm.  lonjr.  2-3  tlmt^  as  hlpli  a» 
the  cup:  l>ark;  (*siw*cially  that  of  tlie  old  trtM»s.  flaky.'* 

Trobaldy  fairly  distrilmti'd  throiijrlMmt  tlie  Stale  in  the  same  situa- 
ti(»iis  as  Q.  unimiuatu. 

In  some  resiMM-ts.  luHaldy  tin*  venation  <»f  tin*  leaf  and  the  aconi.  the 
form  <-IoseIy   approaclu's  (^.  Priinis.     Tlie  catalof^ue  should,  lu^wovw,  be 
cornN'tt^d  to  rt»ad  as  indicnte«l  i>y  tids  i)ara;;raph.    Si»ecimen8  of  the  leaves 
aiv  herewitli  pres4»nted. 
Sisifnihriuin  altissiiHum  L. 

This  sptH'l(^,  adventive  from  Enr4»pe,  is  reiM>rtt>d  by  Dr.  Ilol>ert  HeHs- 
ler  as  f;rowin>r  ai«mj?  tlie  State  Line  Hailmad.  east  of  Lake  Cicott,  Cafis 
(V)unty.  .rune  7,  11X>1;  liJike  Maxinkmkee.  Marshall  Tounty,  II.  W.  Clark. 
Tlie  speiti(»s  is  easily  distinjruishod  from  the  otlier  niombers  of  the  ^niis 
by  its  height,  from  ('►-!»  dm. 
Vlr'ui  tiiKjufttiftiUa  Uotli. 

"(Jrowinpr  identifully  alonjc  tlie  old  Bel  River  railroad  In  the  northern 
portion  f»f  Lo<;a!isp(»rt.  I  Iiad  not  noticed  it  in  former  years  and  it  must 
liav(»  I)ecn  iiii  rod  need  n*ceiitly."    (UolKM-t  Hessler.) 

r»riti(Mi,  in  his  maiinal.  ]m>re  THit;.  drives  tlie  ranj^e  of  the  species  from 
Nova  Scotia  to  I'iorida.  'I'iiis  rec*M-d  is  a  western  extension  of  the  range. 
'i'lic  inliorcsi-eiic*'  Ikmii;:  axiliary,  separates  it  rea<lily  frimi  the  other  mem- 
l»crs  of  tiic  Kcmis  cxiM'pt  I.  sdtira  L.  ami  i.  srpium  L.;  from  both  of 
wliicli  it  is  rnsily  ilistin^rnlslMMl  Uy  tlic  <-iiaract<r  of  tiie  hsiflets. 
Srrnfihuhnia  h /mnlhi  llicklicil. 

"Lake  <*ir<iit.  .Iniic  7.  IIMM.  in  tlowcr:  I-nke  Maxinkuckee,  July  21, 
ilHU.  in  fruit.  Plants  arc  nmn'  npri^rlit  and  i»lo(nn  much  earlier  than  the 
otiier  si»cries.  at  l«'ast  l»y  tlic  cud  id*  May."  ilJoiM'rt  llt^sler.l  Also  col- 
liH'ted  at  Kikc  MaxinktukiH' l)y  H.  W.  <'lark. 
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The  form  Ir  furthor  separated  fvani  8.  Marylandica  L.  by  its  leaves 
beln^  "inolsod  <lentnto"  iiwtojul  of  sliarply  serrate;  the  mostly  alternate 
insteud  of  opi>oslte  bractlets;  the  sharply  contracted  throat  of  the  corolla, 
and  the  corolla  beiuf;  dull  instead  of  shining  within. 

An  examination  of  the  spiH'imens  in  the  Purdue  IlerUiriuni  show  that 
all  of  the  spiH'lmens  collertiHl  in  flower  in  May  and  June  are  to  be  referred 
to  this  spet-ies.  whi<-li  will  pr<»l>al)ly  l)e  found  generally  distrilmtwl  thnm^h' 
out  tlie  State. 

Tlie  following  additions  are  also  reiM>rt(Hl  i)y  .Mr.  H.  \V.  ('lark,  but 
as  si)ecimens  liave  not  bin^n  stvn  they  are  include<l  only  tentatively: 
Saranlana  odorata  (L.)  Scrilm.     Holy  (Irass.    Seneca  Grass. 

I^ke  MaxinkU(*ke4\  Marslnitl  (Nmnty.    Tliis  lo<Tlity  would  i>o  a  south- 
ward extension  of  range  in  tlie  cMMitral  United  Siati»s.  the  n»<'orded  range 
being  "south  to  Wisconsin.'* 
LUiiivi  HUihvlUitum  rursli.     WrstiTn   Red  Lily. 

Lake  Mnxinku<-kee.  Marsh.ill  County.  Th«»  only  objection  to  this  rof- 
eren<-(»  seems  to  \W  in  tlu'  fjH-t  Hint  it  is  a  dry  soli  plant,  and  tlu*' further 
fju-t  tliat  ili(»  majority  of  Mr.  < 'lark's  .Maxinku«ktM»  colhM-tion**  weiv  in 
the  marginal  zont^  m'ar  tlie  lake.  The  hiaf  trharacter  and  arrangement 
would,  liowev<'r.  s<4Mn  sutlicient  to  w^parate  it  rwidily  from  any  rolate<l 
forms. 

The  following  species  are  to  1h»  ad^knl  upon  the  authority  of  Britton's 
"Manual  of  tht»  Fh>ra  of  the  Northern  States  and  Canada."     1  have  pot 
as  yet  ha<l  op|M)rtunity  to  exandne  Herbarium  spcK^imeuA  to  verify  the  ref- 
erences, but  have  no  nnison  to  dotd)t  their  accuracy. 
IjyropfKliiim  imoyhilum  Lloyd  and  ITnderw.     Uock  Club-moss. 

Britton's  Manual,  page  1037.  "Differs  from  L.  lucidulum  in  its  nearly 
linear  entire  leaves  and  smaller  size,  and  from  L.  Selago  In  the  bases  of  its 
leaves,  which  are  flattened.  On  sandstone  ro<*kA,  Wisconsin,  Indiana  and 
Alabanni."  The  familiarity  of  Dr.  Underwood  with  the  Pteridophytes  of 
the  State  places  this  reference  l^eyond  question. 
Tolimtm  niuosin'ritium  Holzinger.    Rough-seeded  Tallnum. 

Brittcm's  Manual,  page  H)47.  "Similar  to  T.  teretifolium  and  confu8e<l 
with  that  sptH'ies.  *  *  T.  trrrti folium  differs  in  having  short,  blunt  style- 
lobes,  oblong  anthers  and  smooth,  black  seeds.  In  dry  soil  Indiana  to  Wis- 
consin and  Minnesota."  In  T.  ruyospermutn  the  seeds  are  pale  and  rough- 
ened. 
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T1k»  following  jidditioiuil  stations  jiro  iviM>rt<»d  by  Dr.  Rol)ert  Hessler 
anil  liKlirato  work  n(  n  cha meter  that  would  imioh  simplify  the  laborB  of 
the  Bio]oKi<'al  Survey  if  it  c-ouhl  iK'conie  more  ;?eiieral: 
.V ///•/«  fIvj'HOka  Mulil.     Slender  Yellow-ejMMl  (»nis.s. 

Ijow  lilaees  al(>n;r  i-jilie  (^icott,  <'ass  Tounty,  Autrust,  IIMH.    Previous  ro- 
porte<l  stations  are  T.ap<a'te.  Lalv«»  and  Koseiusko  e<mnties. 
Vvrntrum  M'tnnlii  Uobldns.     Wood's  Kals(»  IlellelKH-^^ 

Fcmnd  several  miU»s  sinitiieast  of  I^»jransp«»rt,  <'ass  County.    No'tlowers 
devel(»piNl.  prolKildy  on  aicount  <»f  tin*  extrenn*  dryness  of  tiie  S4»nsc)n. 
Tnlliuui  ///n//r  ltl<ldell.     Karly  Wake  U«>hin. 

On  rocky,  sIiadtMl  liiilsides.  rare.     Tliis  specit^  is  also  found  in  abun- 
dance in  Ti|»i»ecanoe  <'onnty.  on  tlie  y:roniHls  of  tin*  (M'inania  <Mub  south 
of  LaKayi'tti'. 
ffcffrrsofihi  diithiiUa  {\..\  Pers.    Twin-leaf. 

A  pat<-li  on  a  sliady  liillsidi>  <*ast  of  Lo^ans]iort.  Tass  County. 
Hanianirlis  \  irffiniana  I..     Witrli  Ilaz^'l. 

On  linieston*'  clifTs  alon;;  tlie  Waliasli  Kiver.  near  T-.o;ransiM>rt. 
Flocrkfd  fintfti  ritiniirohln<  Willd.     Fal.H«»  Mermaid. 

In  low,  moist  W(mm1s  at  tlie  Northern  Indiana  Hospital  for  Insane.  Cns^s 
County.    A  lar>;e  imtch  in  bh)oni.  May  2.  IIHU. 
(h'liuthrrft  Uinuintu  Hill.     Sinnate-leavi'd  Kveninir  PHmro.se. 

Alon^r  tile  Va*\  Itiv«M-  railn>:id.  alM»ut  two  miles  tMist  of  IiOfransi>ort.  Cass 
('ounty.     Sprc.'uiinir  rni)idly  alon^  tli<»  riy:ht  of  way  of  th<»  railroa<l.    Previ- 
ous HMoriis  r<»i'  till'  Stale  are  \'ijr<».  Oaviess  and  Fayett<»  counties. 
L}/sinnn/iiii  (iinnlriform  I..     Wliorled  Ii<»o.scslrift». 

In  san<iy  soils  alMMit   Lake  Maxinkuckee.  Marshall  County. 
SmiiuUinaiti  flif/rsiflnra  (L.i   Muby.     Tnft(Ml  L<«>scslrifc. 

^^'cl    jjhues  about    I.o^ransport.   Cass  County. 
Asrlritius  umithrirn ulis  .] .   K.  Smith.      <.l.  nhfHsi folia   Midix.)     Hlunt-h»nveil 
.MilkWiMMl. 

A  clnstci-  foun«i  in  a  sand  held  n«'ar  Lake  Clrott.  (ndy  a  short  distauet* 
from  tlie  r:iilro:id. 

Tin*  followinjr  fiM-ms  arc  spn*adinvr  with  i»xtreme  nipidity  in  locations 
indicated: 
(Uihirliiia  safira  d^.j  Craiilz.     I''alsc  Flax. 

In  L(»j:ansiM»rt.  ahm;:  the  I'ltrht  <»f  way  of  the  Wabash  niilroad. 
Micratiifitlis  Inlmfn  «.Mi«-lix.i  tireeiie.     ^^'ihl  Kalsani  Apple. 
Shfftiff  unf/nlotns  L.     Star  (Mn-umber.     One-seed«Ml  Bur  Cucumber. 
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"These  vines,  formerly  rarely  seen  In  C^-ass  County,  are  now  very 
i'oniinon  alonjr  the  niarjjins  of  tlie  Wabash  River,  covering  shnilm  and 
small  tr(H»s  profusely  Mud  often  crowding  out  snuilt  plants/'    (K.  Hes8ler.) 

ShouM  the  nomenclature  of  Hritton*s  Manual.  1001,  l>e  geiM*rally 
adoi>t<Ml.  many  n(»w  si)ecit>s  wtmhl  Iw  added  to  the  flora  of  the  State,  since 
in  thjit  work  any  rtM-ognizabh*  plant  segregate  Is  given  si>ecillc  rank.  No 
swi»eping  cliangi^s  should  l)e  made,  however,  until  thcTO  has  l)een  sufficient 
time  to  judge  as  to  whether  the  siHH'ies  there  announeiHl  are  iMWwlble  of 
recognition  ex(M»i>t  by  the  comparative  metho<ls  of  ji  great  horbarlum. 
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AN  ACT  TO  PKOVIDK  FOR  THE  PUBLICATION  OF  THB  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  March  11, 1895.1 

Whereas.  The  ludiana  Academy  of  Science,  a  chartered 
scientific  association,  has  embodied  in  its  constitution  a  pro-  "*" 
vision  that  it  will,  upon  the  request  of  the  Governor,  or  of  the  several 
departments  of  the  State  government,  through  the  Governor,  and  through 
its  council  as  an  advisory  body,  assist  in  the  direction  and  execution 
of  any  investigation  within  its  province,  without  pecuniary  gain  to  the 
Academy,  provided  only  that  the  necessary  expenses  of  such  investiga- 
tion are  borne  by  the  State,  and, 

WuKKKAs.  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
«»ral  papers  read  before  it,  have  very  great  educational,  industrial  and 
t»conomic  value,  and  should  be  preserved  in  permanent  form,  and, 

WiiEKKAs,  The  Constituticm  of  the  State  makes  it  tlie  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suita1)le  means  intellectual,  scientific 
and  agricultural  improvement,  therefore, 

Section  1.  Be  it  enacted  by  the  General  Assembly  of  the  p  ...  ..  - 
State  of  Indiana,  That  hereafter  the  annual  reports  of  the  the  Reporti  of 
meetings  of  the  Indiana  Academy  of  Science,  beginning  with  \  Ay*  **°t 
the  report  for  the  year  185)4,  including  all  papers  of  scientific  Science, 
or  economic  value,  presented  at  such  meetings,  after  tliey  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub- 
lished by  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.    Said  reports  shall  be  edited  and  prepared  for  pub- 
lication without  expense  to  the  State,  by  a  corps  of  editors  to   Editing 

Reporti. 
be  selected  and  appointed  by  the  Indiana  Academy  of  Sci- 
ence, who  shall  not,  by  reason  of  such  services,  have  any  claim  against 
the  State  for  compensation.    The  form,  style  of  1)indlng.  paper,  typography 

and  manner  and  extent  of  illustration  of  such  reports,  shall 

Number  of 
be  determined  by  the  e<litors.  subject  to  the  approval  of  the   printed 

Commissioners  of  Public  l^rlntlng  and  Stationery.    Not  less  ^cporti- 

(6) 
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than  1,500  nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  pub- 
lished, the  size  of  the  edition  within  said  limits,  to  be  determined  by  the 
concurrent  action  of  the  editors  and  the  Commissioners  of  Public  Print- 
ing and  Stationery' :  Provided,  That  not  to  exceed  six  hundred  dollars 
(^000)  shall  be  expended  for  such  publication  in  any  one  year, 
and  not  to  extend  beyond  1890:  Provided,  Tliat  no  sums  shall 
be  deemed  to  be  appropriated  for  the  year  1804. 

Skc.  3.    All  except  three  hundred  copies  of  each  volume 

Disposition      ^^f  ^gid  reports  sliall  be  placed  in  the  custody  of  the  State 
of  Reports. 

Librarian,  who  sliall  furnish  one  copy  thereof  to  each  public 

library  in  the  State,  one  copy  to  each  university,  college  or  normal 
school  in  the  State,  one  copy  to  each  high  school  in  the  State  having  a 
library,  which  shall  make  application  therefor,  and  one  copy  to  such  other 
institutions,  societies  or  persons  as  may  be  designated  !>y  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  it  may  deter- 
mine. In  order  to  provide  for  the  preservation  of  the  same  it  shall 
be  the  duty  of  the  Custodian  of  tlie  State  House  to  provide  and  place  at 
the  disposal  of  tlu*  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  designated  as  the  ofHce  of  tlie  Indiana  Academy  of  Science. 
wherein  said  copies  of  said  reiwrts  belonging  to  the  Academy,  together 
with  tlie  ()rl;,niial  manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  e<i\iip  the  same  with  the  necessary  shelving  and 
furniture. 

Skc.    4.    An  emergency  is  hereby  declarc^d  to  exist  for  the 
Emergency.     i,jj„,^.^^i.,^^,  taking  effect  of  this  act.  and  it  shall  therefore  take 
effect  and  be  in  force  from  and  after  Its  passage. 


AN  ACT  FOU  TIIK  PROTECTION  OP  BIRDS,  THEIR  NESTS 

AND  EGGS. 

[Approved  March  5,  IStfl.J 

Skctio.v  1.    Br  it  enacted  by  th^  Ocncral  Assembly  of  the 
Htate  of  ImHana,  That  it  shall  l)e  unlawful  for  any  person  to 
kill  any  wild  l)ird  other  than  a  i?ame  bird,  or  purchase,  offer  for  sale  any 
such  wild  bird  after  it  has  been  killed,  or  to  destroy  the  nests  or  the  eggs 
of  any  wild  bird. 

Skc.  2.  For  the  purpose  of  this  act  the  following  shall 
be  considered  game  !)irds:  the  Anatidie,  commonly  called  *™*  ^^  '* 
swans,  geese,  brant,  and  river  and  sea  ducks;  the  Rallida>,  commonly 
known  as  rails,  coots,  mudhens,  and  gallinules;  the  Limicoloe,  commonly 
known  as  shore  l)irds,  plovers,  surf  birds,  snipe,  woodcock  and  sand- 
pipers, tattlers  and  curlews;  the  Gallinn,\  commonly  known  as  wild  tur- 
keys, grouse,  prairie  chickens,  quail,  and  pheasants,  all  of  which  are  not 
intended  to  lie  affected  by  this  act. 

Skc.  X    Any  person  violating  the  provisions  of  Section  1 
of  this  act  shall,  upon  conviction,   be  fined  in  a  sum  not     '"*  ^* 
less  than  ten  nor  more  than  fifty  dollars,  to  which  may  be  added  impris- 
onment for  not  less  than  five  days  nor  more  than  thirty  days. 

Se(\  4.    Sections  1  and  2  of  this  act  sluill  not  apply  to 
any  person  holding  a  permit  giving  the  right  to  take  birds      ®'™* 
or  their  nests  and  eggs  for  scientific  purposes,  as  provided  In  Section  5  of 
this  act. 

SEr.  5.    Permits  may  be  granted  by  the  Executive  Board   p^y^jj,  ^^ 
of  the  Indiana  Academy  of  Science  to  any  properly  accredited  Science. 
persi)n.  permitting  the  holder  thereof  to  collect  birds,  their  nests  or  eggs 
for  strictly  scientific  purposes.     In  order  to  obtain  such  permit  the  ap- 
plicant for  the  same  must  present  to  said  Board  written  testimonials 
from  two  well-known  scientific  men  certifying  to  the  good  character  and 
fitness  of  said  applicant  to  be  entrusted  with  such  privilege  and  pay  to 
said  Board  one  dollar  to  defray  the  necessary  expenses  atttending  the 
granting  of  such  permit,  and  must  file  with  said  Board  a 
properly  execnited  bond  in  the  sum  of  two  hundred  dollars, 
signed  by  at  least  two  responsible  citizens  of  the  State  as  sureties.    The 
bond  shall  be  forfeited  to  the  State  and  the  permit  become   «     , 
^-oid  upon  i>roof  that  the  holder  of  such  permit  has  killed   forfeited. 


auy  bird  or  taken  the  nests  or  eggs  of  any  bird  for  any  other  purpose  than 
that  named  in  this  section  and  shall  further  l»e  subject  for  each  offense 
to  tho  penalties  provided  in  this  act. 

Sec.  6.    The  permits  authorized  l)y  this  act  sliall  be  in 
wo  years.        for^^e  for  two  years  only  from  the  date  of  their  issue,  and 
shall  not  be  transferable. 

Sec.  7.    The  English  or  European  House  Sparrow  (Passer 
ir  8  0  prey.    jQUj^yticus),  crows,  hawks,  and  other  birds  of  prey  are  not 
included  among  the  birds  protected  by  this  act. 

Sec.  8.    All  acts  or  parts  of  acts  heretofore  passed  in  eon- 
Aet«  repealed,   ^j^^  ^^^^  ^^^  provisions  of  this  act  are  hereby  repealed. 

Sec.  9.    An  emergency  is  declared  to  exist  for  the  imme- 
mergency.      jj^^^  taking  effect  of  this  act,  therefore  the  same  shall  be 
in  force  and  effect  from  and  after  its  passage. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  associaitiou  .sliall  be  called  the  Indiana  Academy  of 
Science. 

Skc.  2.  The  olijects  of  this  Academy  sliall  be  scientific  resijnrch  and 
tlie  diffusion  of  Ivnowledge  concerning  tlie  various  departments  of  science; 
to  promote  intercourse  between  men  enpijjed  in  scientific  work,  especially 
in  Indiana:  to  assist  l>y  investigation  and  discussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  i)repare  for  pul>licatiou  sucli  reports  of  in- 
vest igat  ion  and  discussions  as  may  further  the  aims  and  objects  of  the 
Academy  as  set  fortli  in  these  articles. 

Whereas,  tlie  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will.  ui)on  request  of  the  Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  the  Governor,  act  through  its 
council  as  an  advisory  body  in  the  direction  and  execution  of  any  investi- 
gation within  its  province  as  stated.  The  necessary  expenses  incurred  in 
the  prosecution  of  such  investigation  are  to  be  borne  by  the  State;  no 
pecuniary  gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of 
such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document. 


ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work,  or 
in  original  research  in  any  department  of  science,  shall  be  eligible  to 
active  membership.  Active  members  may  be  annual  or  life  members. 
Annual  members  may  be  elected  at  any  meeting  of  the  Academy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars,  and  there- 
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after  an  annual  fee  of  one  dollar.  Any  person  who  shall  at  one  time 
contribute  fifty  dollars  to  the  funds  of  this  Academy,  may  be  elected  a 
life  luemlxT  of  the  Academy,  free  of  assessment.  Non-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  Avho  have 
removed  from  the  State.  In  any  case,  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect  to  membership.  Applications  for  membership  in 
any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  applica- 
tion for  membership,  who  shall  consider  such  application  and  report  to 
the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men.  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommende<l  for  nomination 
for  election  as  fellows  by  three  fellows  or  members  personally  acquainted 
with  tl»eir  worlv  and  <haracter.  Of  meml>ers  so  nominated  a  number  not 
exceeding  five  in  on(»  year  may,  on  recommendation  of  the  Executive 
Committee,  lie  elected  as  fellows.  At  the  meeting  at  which  this  is 
adopted,  the  members  of  tlie  Executive  Committee  for  1804  and  fifteen 
others  shall  l>e  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account 
of  spechil  i)ronilnen('e  \n  science,  on  the  written  rec<mimendation  of  two 
meml)ers  of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  mem- 
bers present  sliali  elect. 

ARTICLE  III. 

Section  1.  The  otticers  of  this  Academy  shall  be  chosen  by  ballot 
at  the  annual  meeting,  and  sliall  hold  office  one  year.  They  shall  consist 
of  a  President.  \'ice -President,  Secretary.  Assistant  Secretary,  Press  Secre- 
tary, and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to 
their  respective  offices  and  in  addition,  with  the  ex-Presidents  of  the 
Academj',  .shall  constitute  an  Executive  Committee.  The  President  shall, 
at  each  annual  meeting,  appoint  two  members  to  be  a  committee  which 
shall  prepare  the  programs  and  have  charge  of  the  arrangements  for 
all  meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  weeli  following  Christmas  of  each  year,  un- 
less otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be 
a  summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
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Exocutive  Coiniuittoe.  Othor  meetings  may  ho  called  at  the  discretion 
of  the  Executive  Conunittee.  The  past  I'resideiits.  together  with  the 
officers  and  Executive  Committee,  shall  constitute  the  Council  of  the 
Academy,  and  represent  it  in  tlie  transaction  of  any  necessary  business 
not  specially  provided  for  in  tins  constituticm,  in  the  interim  between 
general  meetings. 

Skc.  :\.  This  constituticm  may  be  altered  or  amended  at  any  annnnl 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing.  No  tiuestion  of  amendment  shall  l»e  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to  a 
curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief 
summary  of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  The  President  shall  deliver  a  i)ublic  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expirati<m  of  his  term  of  office. 

.'{.  The  l*ress  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Acad<»my  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least 
lifteen  days  before  such  meeting. 

r».  No  1)111  against  the  Academy  shall  be  paid  witliout  an  order  signed 
by  the  President  and  countersigncKl  by  the  Secretary. 

(».  Members  who  siiall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notlHtKl  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  frcmi  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 


R.  J.  Aley *1898 Bloomington. 

J.  C.  Arthur ISO:^ Lafayette. 

George  W.  Benton 1800 Indianapolis. 

A.  J.  Bigney 1807 Moore's  Hill. 

A.  W.  Bitting 181*7 I^fayette. 

Donaldson  Bodine 1809 Crawfordsville. 

W.  S.  Blatchley 1893 Indianapolis. 

H.  L.  Bruner 1899 Irvington. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

J.  L.  Campbell 1893 Crawfordsville. 

Mel.  T.  Cook 1902 Greencastle. 

John  M.  Coulter 1803 Chicago.  111. 

Stanley  Coulter  ia03 Lafayette. 

(tlenn  Culbertson   18J)9 Hanover. 

1).  W.  Dennis 1805 Richmond. 

C.  R.  Dryer 1897 Terre  Haute. 

C.  H.  Eigenmann 1893 Bloomington. 

Percy  Norton  Evans 1901 Lafa  j-ette. 

A.  L.  Foley 1807 Bloomington. 

Katherine  K.  Golden 180r) Lafayette. 

M.  J.  Golden 1800 Lafayette. 

W.  P.  M.  Goss 1803 Lafayette. 

Thomas  Gray 180;^ Terre  Hauie. 

A.  S.  Hathaway 1805 Terre  Haute. 

W.  K.  Hatt 1902 Lafayette. 

Robert  Hessler 1899 Logansport. 

H.  A.  Huston 1893 Lafayette. 

Arthur  Kendrick 1898 Terro  Haute. 

Robert  E.  Lyons 189fi Bloomington. 

V.    F.    Marstera 1803 Bloomington. 

C.  L.   Moes 1804 Terre  Haute. 

W.  J.  Moenkhaus .  .        .  IJK)1 Bloomington. 


*  Date  of  eUction. 


17 

Josc'ph  Moore  18JM> Kichmond. 

O.  M.  MottiiT ISIKJ Hloominffton. 

W.  A.  Noyos ISIKI Torre  Haute. 

J.  H.  Ransom ll>(»2 Lafayette. 

L.  J.   Rettjjer ISJm; Terre  Haute. 

J.  T.  Scovell IS'U Terre  Haute. 

Alex.  Smith ISUii Cliicajro.  111. 

W.  ?:.  Stone ISJKJ Lafayette. 

.loseph  Swain  *18I)S Swarthniore,  Pa. 

M.  R  Thomas 18t»:5 Crawfordsvillo. 

C.  A.  Waldo \m:\ Lafayette. 

F.  M.  Webster 1SI)4 Champaign,  111. 

H.  W.  Wiley 1S05 Washington.  D.  C. 

John  S.  Wright 1S1)4 Indianapolis. 

X(>X-Ri:s/I>K.\T  MEM  HERS. 

(Jeorge  H.  Ashley Charleston.  S.  C. 

M.  A.  Brannon (Irand  Forks,  N.  D. 

J.  C.  Branncr Stanford  University,  Cal 

D.  H.  Campbell Stanford  University,  Cal. 

A.  Wilmer  Duff Worcester.  Mass. 

K.  W.  Evermann Washington.  D.  0. 

Charles  H.  Gilbert Stanford  University.  Cal. 

C.  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt Syracuse.  N.  Y. 

O.  P.  Hay Washington,  D.  C. 

l*7dward  Hughes   Stoclcton,   Cal. 

O.    P.    Jenkins Stanford  University.  Cal. 

D.  S.   Jordan Stanford  University.  Cal. 

J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Bronx  Park.NewYorkCity 

T.  C.  Mendenhall Worcester,  Mass. 

Alfred  Springer Cincinnati,  Ohio. 

L.  M.  Underwood New  York  City. 

Robert  B.  Warder Washington.  D.  C. 

Ernest  Walker Clemson  College,  S.  C. 

■*  Date  of  election. 
2— Academy  of  Science. 


ACTIVE  MEMBERS, 

(i.  A.  Abbott Indianapolis. 

Frederick  W.  Andrews Bloomington. 

Georpe  C.  Asliman Frankfort. 

Edward  Ayres  Lafayette. 

Artliur  M.  Banta Franklin. 

Kdwin  M.  Blake Lafayette. 

J.  W.  Beede Bloomington. 

I>ee  F.  Bennett Valparaiso. 

William  N.  Blanchard Greeneastle. 

Charles  S.  Bond Uicbmond. 

Fred  .1.  Breeze Pittsburg. 

E.  M.  Bruce Weston,  Oregon. 

A.    Hugh   Bryan Indianapolis. 

E.  J.  Chansler Bicknell. 

Howard  W.  Clark Culver. 

Otto  O.  Clayton Pleasant  Mills. 

George  Clements Springfield,  111. 

Charles  Clickener  Tangier. 

U.  O.  Cox Mankato,  Minn. 

William  Clifford  Cox Columbus. 

J.  A.  Cragwall Crawfordsville. 

Albert  B.  Crowe Ft.  Wayne. 

M.  E.  Crowell Franklin. 

Edward  KoHcoe  Cumings Bloomington. 

Alidn  M.  Cunningham Alexandria. 

Lorenzo  E.  Daniels Laporte. 

II.  J.  Davidson Baltimore,  Md. 

Charles   C.   Deam Bluff  ton. 

Martlia  Doan  Westfield. 

J.  P.  Dolan Syracuse. 

Herman  B.  Dorner Lafayette. 

Hans  Duden   Indianapolis. 

E.  G.   El)erhardt Indianapolis. 

Frank  R.  Kldred Indianapolis. 

M.  N.   Elrod Colum!)Us. 

Samuel  G.  Evans Evansville. 
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Carlton  G.  Ferris Big  Rapids,  Midi. 

E.  M.  Fisher Urmeyville. 

Wilbur  A.  Fiske Richmond. 

W.  B.  Fletcher Indianapolis. 

Austin  Funk New  Albany. 

Charles  W.  Garrett Logansport. 

Robert  G.  Gillum Terre  Haute. 

Vernon  Gould Rochester. 

Walter  L.  Hahn Bascom. 

Victor  K.  Hendricks Indianapolis. 

Mary  A.  Hickman (»reencastle. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins Terre  Haute. 

John  .T.  Hildebrandt Logansport, 

J.  D.  Hoflfman Lafayette. 

Allen  D.  Hole Richmond. 

John  N.  Hurty Indianapolis. 

Lucius  M.  Hubbard South  Bend. 

Alex.  Johnson Ft.  Wayne. 

Edwin  S.  Johonnott,  Jr Terre  Haute. 

Ernest  E.  Jones Kokomo. 

Chancey  Juday  Boulder,  Col. 

O.  L.  Kelso Terre  Haute. 

Charles  T.  Knipp Bloomington. 

Henry  H.  Lane Lebanon. 

V.  H.  Lockwood Indianapolis. 

Dumont  Lotz  Indianapolis. 

William  A.  McBeth Terre  Haute. 

Robert  Wesley  McBride Indianapolis. 

Rousseau  McClellan Indianapolis. 

Richard  C.  McClaskey Terre  Haute. 

Lynn  B.  McMullen Indianapolis. 

Edward  G.  Mahin West  Lafayette. 

James  E.  Manchester Vlncennes. 

W.  G.  Middleton Richmond. 

John  A.  Miller Bloomington. 

H.  T.  Montgomery South  Bend. 
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Walter  P.  Morgan Terre  Haute. 

Fred  Mutchler Terre  Haute. 

J.  P.  Naylor Greencastle. 

Charles  E.  Newlln Irvington. 

John  Newlin West  1-afayette. 

John  F.  Newsom Stanford  University,  Cal. 

R.  W.  Noble Chicago,  111. 

D.  A.  Owen Franklin. 

Hollo  J.  Peirce Logansport. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

Frank  A.  Preston Indianapolis. 

A.  H.  Purdue Fayetteville,  Ark. 

Hj'laud  Ratliff  Bloomington. 

Albert  B.  Reagan Bloomington. 

Claude  Riddle Lafayette. 

Giles  E.  Ripley Dec*orah,  Iowa. 

George  L.  Roberts Greensburg. 

U.  A.   Rothrock Bloomington. 

John  F.  Schnaible Lafayette. 

E.  A.  Schultze Ft.  Wayne. 

John  W.  Shepherd Terre  Haute. 

Claude  Siebenthal Indianapolis. 

J.  R.  Slonaker Bloomington. 

Richard  A.  Smart Lafayette. 

Lillian  Snyder  Rockville. 

Retta  E.  Spears Elkhart. 

Charles  F.  Stegmaler Greensburg. 

William  Stewart Lafayette. 

J.  M.  Stoddard Indianapolis. 

William  B.  Streeter Indianapolis. 

Frank  B.  Taylor Ft.  Wayne. 

J.  F.  Thompson Richmond. 

A.  L.  Treadwell Oxford,  Ohio. 

Daniel  J.  Troyer Goshen. 

A.  B.  Ulrey North  Manchester. 

W.  B.  VanGorder Worthington. 
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Arthur  C.  Veatch Rockport. 

H.  S.  Voorhees Ft.  Wayne. 

J.  H.  Voris Huntington. 

B.  C.  Waldeninier West  Lafayette. 

Daniel  T.  Weir Indianapolis. 

Jacob  Westlund Lafayette. 

Fred  C.  Whltcomb Delphi. 

William  M.  Whitten South  Bend. 

Neil  H.  Williams Indianapolis. 

William  Watson  Woollen Indianapolis. 

J.  F.  Woolsey Indianapolis. 

Fellows 47 

Non-resident  members 20 

Active  members 118 

Total 185 


LIST  OF  FOKEIGN  CORRESPONDE^'TS. 


AFRICA. 


Dr.  J.   Medley   Wood,   Natal   Botanical   Gardens,   Berea,   Durban,   South 

Africa. 
South  African  Philosophical  Society,  Cape  ToAvn,  South  Africa. 


ASIA. 

China  Branch  Koyal  Asiatic  Society,  Shanghai,  China. 

Asiatic  Society  of  Bengal,  Calcutta,  India. 

Geological  Survey  of  India,  Calcutta,  India. 

Indian  Museum  ot  India,  Calcutta,  India. 

India  Survey  Department  of  India,  Calcutta,  India. 


Deutsche   Gesellschaft,    filr    Natur-    und    Volkerkunde    Ostasiens,    Tokio, 

Japan. 
Imperial  University,  Tokio,  Japan. 


Koninklijke   Naturkundige    Vereeniglng   in    Nederlandsch-Indie,    Batavia, 
Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Hawaiian  Islands. 


EUROPE. 


V.  R.  Tschusizn  Schmidhoffen,  Villa  Tannenhof,  Halle  In  Salzburg. 
Austria. 

Herman  von  Vilas,  Innsbruck,  Austria. 

Ethnologlsche  Mltthellungen  aus  Ungarn,  Budapest,  Austro-Hungary. 

Mathematische  und  Naturwissenschaftllche  Berichte  aus  Ungarn,  Buda- 
pest, Austro-Hungary. 

K.  K.  Geologische  Reichsanstalt,  Vienna  (WIen).  Austro-Hungary. 
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K.  U.  Nnturwissonscliaftlit'ho  (losollschaft,  Budapest,  Aiistro-Hiinpary. 

Naturwi8seiisohaftlicli-Motliziii1sclier  Vtrein  in  Innsbruck  (Tyrol),  Austro- 
Hungary. 

Editors  "Tormeszetrajzl  Fuzotk.**  Ilunpiriau  National  Museum,  Buda- 
pest, Austro-Ilungary. 

Dr.  Eugen  Dadai,  Adj.  am.  Nat.  Mus.,  Budapest,  Austro-Hungary. 

Dr.  Julius  von  Madarasz,  Budapest,  Austro-Hungary. 

K.  K.  Naturhistorlsches  Hofmuseum.  Vienna  (Wien),  Austro-Ilungary. 

Ornithological  Society  of  Vienna  (Wien),  Austro-Hungary. 

Zoologische-Botanische  (7esellschaft  in  Wien  (Vienna),  Austro-Hungary. 

Dr.  J.  von  Csato.  Nagy  Enyed,  Austro-Ilungary. 

Botanic  (iarden,  K.  K.  Universitat,  Wien  (Vienna).  Austro-Hungary. 


Malacological  Society  of  Belgium,  Brussels,  Belgium. 

Royal  Academy  of  Science,  lA»tters  and  Fine  Arts,  Brussels,  Belgium. 

Hoyal  Linnean  Society,  Brussels.  Belgium. 

SocietC'    Beige    de    (Tcologie,    de    PaleontologiC'    et    Hj'drologie,    Brussels, 

Belgium. 
Societ(i  Koyale  de  Botanique.  Brussels,  Belgium. 
SocietC*  CfCologique  de  Belgi<iue.  Liege,  Belgium. 
Royal  Botanical  Gardens,  Brussels,  Belgium. 


Bristol  Naturalists'  Society,  Bristol,  England. 

GiH)loglcal  Society  of  London,  London.  England. 

Dr.  E.  M.  Holmes,  British  Pharm.  Soc'y.  Bloomsbury  Sq.,  London.  W.  C, 

PTngland. 
.Tenner  Institute  of  Preventive  Medicine,  London,  England. 
The  Lil)rarian.  LInnean  Society,  Burlington  House,  Piccadilly,  Ix>ndon  W.. 

England. 
Liverpool  (Geological  Society.  Liverpool,  England. 
Manchester  Literary  and  Pliilosophical  Society,  Manchester,  England. 
"Nature,"  London,  England. 
Royal  Botanical  Society,  London,  England. 
Royal  Kew  (Jardens,  London,  England. 
Royal  (fcological  Society  of  Cornwall,  Penzance,  England. 
Royal  Microscopical  Society,  Tendon,  England. 
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Zoological  Society.  I-ondon,  England. 

Lieut.-Col.  John  Riddnlph,  4:^  Charing  Cross,  London,  Kngland. 

Dr.  G.  A.  Bonlenger,  British  Mns.  (Nat.  Hist.),  London,  England. 

F.  DuCano  Uodman,  10  Chandos  St..  Cavendish  Sq.,  London,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Park,  London  W.,  England. 

Phillip  L.  Sclater,  ;\  Hanover  Sq.,  London  W.,  England. 

Dr.  Ridiard  Rowlder  Sharpe,  British  Mus.  (Nat.  Hist.).  London.  England. 

Prof.  Alfred  Hnssell  Wallace,  Corfe  View.  Parkstone,  Dorset.  England. 


Botanical  Society  of  France.  Paris,  France. 

Ministfirie  de  TAgriculture,  Paris,  France. 

Society  Entomologique  de  France,  Paris,  France. 

L'InstJtut  Grand  Ducal  de  Luxembourg,  Luxembourg,  Lux.,  France. 

Soc.  de  Horticulture  et  de  Botan.  de  Marseille,  Marseilles,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

La  Soc.  Linneenne  de  Normandie,  Caen,  France. 

Soc.  des  Naturelles.  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'Hanionville,  Meurthe  et  Moselle,  France. 

Pasteur  Institute,  Lille,  France. 

Museum  d'HIstoire  Naturelle,  Paris,  France. 


Botanisclier  Verein  der  l*rovinz  Brandenburg,  Berlin,  Germany. 

Deutsche  Geologische  Gesellschaft,  Berlin.  Germany. 

Entoniologlscher  Verein  in  Berlin.  Berlin.  Germany. 

Journal  fiir  Ornithologie.  Berlin.  Germany. 

Prof.  Dr.  Jean  Cabanis.  Alte  Jacob  Strasse,  1(K^  A..  Berlin,  Germany. 

Augsburger  Naturhistorisclier  Verein,  Augsburg,  Germany. 

(^ount  Hans  von  Berlspsen.  Miinden,  (Jermany. 

Braunschweiger  Verein  flir  Naturwissenschaft,  Braunschweig.  Germany. 

Bremer  Naturwissenschaftlicher  Verein,  Bremen,  Germany. 

Ornithologisclier,  Verein  Miinchen.  Thierschstrasse,  37M»,  MUnchen.  Ger- 
many. 

Royal  Botanical  (Jardens,  Berlin  W.,  Germany. 

Kaiserliche  Leopoldische-Carolinische  Deutsche  Akademie  der  Naturfor- 
cher,  Halle  Saale,  Wilhemstrasse  37,  Germany. 
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Kouiglieh-Siioli8i8che    (lesellschaft    der    Wissonseliaften,    Matbematisch- 

Phj'sische  Clnsse.  Leipzig;,  Saxony.  Germany. 
NaturhiHtorisehe  Gesellaohaft  zii  Hanover,  Hanover.  Prussia,  GcrmaDy. 
Naturwissenschaftlioher  Verein  in  Hamburg,  Hamburg.  Germany. 
Verein  fiir  Erdkunde,  Leipzig,  Germany. 
Verein  fiir  Naturkunde,  Wiesbaden,  Prussia. 


Belfast  Natural  History  and  Philosophical  Society,  Belfast,  Ireland. 

Royal  Dublin  Society,  Dublin. 

Royal  Botanic  (iardens,  (Jlaanevin,  County  Dublin,  Ireland. 


Societa  Entomologica  Italiana.  Florence,  Italy. 

Prof.  H.  H.  Giglioli,  Museum  Vertebrate  Zoology,  Florence,  Italy. 

Dr.  Alberto  Perngia,  Museo  Civico  di  Storia  Naturale.  Genoa,  Italy. 

Societa  Italiana  de  Scicnze  Naturali,  Milan,  Italy. 

Societa  Africana  d'  Italia,  Naples,  Italy. 

Dell  'Academia  Pontifico  de  Nuovi  Lincei.  Rome,  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome,  Italy. 

Rassegna  della  Scienze  Geologiche  in  Italia,  Rome,  Italy. 

R.  Comitato  Geologlco  d'  Italia,  Rome,  Italy. 

Prof.  Count  Toinasso  Salvador!.  ZoiUog.  Museum.  Turin.  Italy. 


Royal  Norwegian  Society  of  Sciences,  Throndhjem,  Norway. 

Dr.  Robert  CoUett,  Kongl.  Frederlks  Univ.  Christiania.  Norway. 


Academia  Real  des  Scienclas  de  Lisboa  (Lisbon),  Portugal. 


ComitC*  Geologique  de  Russie,  St.  Petersburg,  Russia. 
Imperial  Academy  of  Sciences,  St.  Petersburg,  Russia. 
Imi)erlal  Society  of  Naturalists,  Moscow,  Russia. 
Jardin  Imperial  de  Botaulque,  St.  Petersburg,  Russia. 
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The  Botanical  Society  of  E<linbiirgli,  Edinburgli,  Scotland. 

John  J.  Dalgleisb,  Braukston  Grange,  Bogside  Sta.,  Sterling.  Scotland. 

Edinburgh  Geological  Society,  p]dinburgh,  Scotland. 

Geological  Society  of  Glasgow,  Scotland. 

John  A.  Harvie-Brown,  Duniplace  House,  Larbert,  Sterlingshlre.  Scotland. 

Natural  History  Society,  Glasgow,  Scotland. 

Philosophical  Society  of  Glasgow,  Glasgow,  Scotland. 

Royal  Society  of  Edinburgh,  Edinburgh,  Scotland. 

Uoyal  Physical  Society,  Edinburgh,  Scotland. 

Royal  Botanic  Garden,  Edinburgh,  Scotland. 


Barcelona  Academia  de  CMencias  y  Artes,  Barcelona.  Spain. 
Royal  Academy  of  Sciences,  Madrid,  Spain. 


Instltut  Royal  Geologique  de  Su6de,  Stockholm,  Sweden. 
Society  Entomologlque  a  Stockholm,  Stockholm,  Sweden. 
Royal  Swedish  Academy  of  Science,  Stockholm,  Sweden. 


Naturforschende  Gesellschaft,  Basel,  Switzerland. 
Naturforschende  (gesellschaft  in  Berne,  Berne,  Switzerland. 
La  SocletC  Botauicjue  Suisse,  Geneva,  Switzerland. 
Societe  Ilelvetique  de  Sciences  Naturelles,  Geneva,  Switzerland. 
Societ^'  de  Physique  et  d'  Historic  Naturelle  de  Geneva,  Geneva,  Switzer- 
land. 
Concilium  Bibliographicum,  Zllrich-Oberstrasse,  Switzerland. 
Naturforschende  Gesellschaft,  Ziirich,  Switzerland. 
Schweizerische  Botanische  Gesellschaft,  Ziirich,  Switzerland. 
Prof.  Her])ert  H.  Field.  Ziirich,  Switzerland. 


AUSTRALIA. 

Linnean  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 
Royal  Society  of  New  South  Wales.  Sidney,  New  South  Wales. 
Prof.  Liveridge.  V.  R.  S..  Sidney,  New  South  Wales. 
Hon.  Minister  of  Mines.  Sidney,  New  South  Wales. 
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Mr.  E.  P.  Ramsey,  Sidney,  New  South  Wales. 

Royal  Society  of  Queensland,  Brisbane,  Queensland. 

Royal  Society  of  South  Australia,  Adelaide.  South  Australia. 

Victoria  Tul).  Librarj',  Museum  and  Nat.  Gallery,  Melbourne,  Victoria. 

rrof.  W.  r..  Buller,  Wellington,  New  Zealand. 


NORTH  AMERICA. 

Natural  Hist.  Soc  icty  of  British  Columbia.  Victoria,  British  Columl)ia. 

Canadian  Record  of  Science,  Montreal.  Canada. 

McCiill  University,  Montreal,  Canada. 

Natural  Society,  Montreal,  Canada. 

Natural  History  Society,  St.  Johns,  New  Brunswiclv. 

.\ov5i  Scotia  Institute  of  Science,  Halifax,  N.  S. 

ManltoliM  Historical  and  Scientific  Society,  Winnipej?.  Manitol>a. 

Dr.  T.  Mcll wraith,  Cairnbrae,  Hamilton,  Ontario. 

Thr  Royal  Society  of  ("anada,  Ottawa,  Ontario. 

Natural  History  Society.  Tonmto,  Ontario. 

Hamilton  Association  Library,  Hamilton.  Ontario. 

Canadian  Entomologist,  Ottawa,  Ontario. 

Department  of  Marine  and  Fi.«5heries,  Ottawa,  Ontario. 

Ontario  Agricultural  College,  Guelph,  Ontario. 

Canadian  Institute,  Toronto. 

Ottawa  Field  Naturalists'  Club,  Ottawa.  Ontario. 

University  of  Toronto,  Toronto. 

Oeological  Survey  of  Canada,  Ottawa,  Ontario. 

La  Naturaliste  Canadian,  Cliicontini,  Quel)ec. 


La  Naturale  Za,  City  of  Mexico. 

Mexican  Society  of  Natural  History,  City  of  Mexico. 
Museo  Nacional,  (Mty  of  Mexico. 
SociiHlad  Cientifica  Antonio  Alzate.  City  of  Mexico. 

Sociedad  Mexicana  de  Geographia  y  Estadistica  de  la  Republica  Mexicana, 
City  of  Mexico. 
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WEST  INDIES. 

Botanical  Departinent.  Port  of  Spain,  Trinidad,  British  West  Indies. 

Victoria  Institute,  Trinidad,  British  West  Indies. 

Musco  Nacional,  San  Jose.  Costa  Rica,  Central  America. 

Dr.  Anastasia  Alfaro,  Secj'.  National  Museum,  San  Jose.  Costa  Rica. 

Rafael  Arango,  Havana,  Cuba. 

Jamaica  Institute,  Kingston,  Jamaica,  West  Indies. 

The  Hope  Gardens,  Kingston,  Jamaica,  West  Indies. 


SOUTH  AMERICA. 

Argentina  Historla  Natural  Florentine  Aniegline,  Buenos  Ayres,   Argen- 
tine Republic. 
Mus^'e  de  la  Plata,  Argentine  Republic. 

Nacional  Acadomia  des  Ciencias,  Cordoba,  Argentine  Republic. 
Sociedad  Cientifica  Argentina,  Buenos  Ayres. 
Museo  Nacional,  Rio  de  Janeiro,  Brazil. 
Sociedad  de  Geographla,  Rio  de  Janeiro,  Brazil. 

Dr.  Herman  von  Jhering,  Dir.  Zoiil.  Sec.  Con.  CJeog.  c  Geol.  de  Sao  Paulo, 
Rio  Grande  do  Sul,  Brazil. 


Deutscher  Wissenschaftlicher  Vereln  in  Santiago,  Santiago,  Chili. 

Societr»  Scientiflque  du  Chill.  Santiago,  Chili. 

Sociedad  Guatemaltcca  de  Ciencias,  Guatemala,  Guatemala. 
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Meeting  of  the  Executive  Committee  at  Hotel  Headquarters 10:45  a.  m. 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDRESS  BY  THE   RETIRING  PRESIDENT. 

DR.  HARVEY  W.  WILEY. 

At  8  o'clock  Friday  evening,  at  Shortridge  High  School. 
Subject:     "Yo  Shall  Know  Them  by  Their  Fruits." 


The  following  papers  will  be  read  in  the  order  in  which  they  appear  on  the  program, 
except  that  certain  papers  will  be  presented  **pari  pa««u"  in  sectional  meetings.  When  a 
paper  is  called  and  the  reader  is  not  present,  it  will  be  dropped  to  the  end  of  the  list,  unless 
by  mutual  agreement  an  exchange  can  be  made  with  another  whose  time  is  approximately 
the  same.  Where  no  time  is  sent  with  the  papers,  they  have  been  uniformly  assigned  ten 
minutes.    Opportunity  will  be  given  after  the  reading  of  each  paper  for  a  brief  discussion. 

N.  B.—By  the  order  of  the  Academy,  no  paper  can  be  rend  urUil  an  ahtttraci  of  if«  contentu  or 
the  »critten  paper  hat  been  placed  in  the  hand§  of  the  Secretary. 

GENERAL. 

1.  Transmissible  Diseases  in  College  Towns,  8  m. ..  .Severance  Burrage 

2.  Sewage    Disposal    at   the    Indiana    State    Reformatory    at 

Plainlield,  10  m Severance  Burrage 

:{.    Some  Recent  Mound  Investigations  in  Jefferson  County,  In- 
diana, 8  m Glenn  Culbertson 

4.  The  Water  Supply  of  Havana,  Cuba,  10  m C.  II.  Eigenmauii 

5.  Results   of    the   Indiana    University    Expedition    to    Cuba, 

15  m C.  H.  Eigennianii 

G.    Naezhosh,  or  the  Apache  Pole  "Game,  8  m Albert  B.  Rengaii 

MATHEMATICS  AND  PHYSICS. 

7.  Geodesic  Lines  on  the  Syntractrix  of  Revolution,  8  m.  .E.  L.  Hancock 

8.  Comparison  of  Gauss'  and  Cayley's  Proofs  of  the  Existence 

Theorem,  10  m O.  E.  Glenn 

0.    Motion  of  a  Bicycle  on  a  Helix  Track,  8  m O.  E.  Glenn 

10.  A  Generalization  of  Fermat's  Theorem,  8  m Jacob  Westlund 

11.  On    the    Class    Number    of    the    Cyclotomic    Numberfield 

k  (t~]  ,8m Jacob  Westlund 

12.  Photographic  Observations  of  Comet  c  1902,  10  m J.  A.  Miller 

BOTANY  AND  ZOOLOGY. 

13.  The  Genus  Puccinia,  10  m J.  C.  Arthur 

14.  Forestry     Conditions     in     Montgomery     County,     Indiana, 

10  m S.  J.  Record 

15.  Notes  on  the  Cleavage  Plane  in  Stems  and  Falling  Leaves, 

8  m Mary  A.  Hickman 
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ir».    On  the  Veins  of  the  Head  of  the  Snake  (Tropidonotns), 

15  m H.  L.  Bruner 

17.  On  the  MnxiUnry  Veins  of  Lizards,  15  m H.  L.  Bniner 

18.  Some  Rare  Indiana  Bn-ds,  10  ni A.  W.  Butler 

10.    T1h»  Catalpa  Spliinx,  Ceratnmia  vatnlpw.  Destroyed  by  the 

Yellow-Billed  Cuckoo,  Coccyzua  americanua,  in  South- 
ern Indiana,  10  ni F.  M.  Webster 

20.  Notes  on  Reared  Hymenoptera  from  Indiana,  10  m F.  M.  Webster 

21.  rreliminary  List  of  Gall-Producing  Insects  Common  to  In- 

diana. t>  m Mel  T.  Cook 

22.  Notes  on  Deformed  Embryos,  5  m Mel  T.  Cook 

2a    The  Lake  Laboratory  at  Sandusky,  Ohio,  12  m Mel  T.  Cook 

24.  The  Individuality  of  the  Maternal  and  Paternal  Chromo- 

somes in  tlie  Hybrid  between  Fundulus  hHerocUtiis 

and  McnUJin  notnta,  8  m W.  J.  Moenkhaus 

25.  An  Extra  Pair  of  Appendages  Modified  for  Copulatory  Pur- 

pose in  (-(imharus  viridis,  8  m W.  J.  Moenkhaus 

2(5.    Description  of  a  New  Species  of  Darter  from  Tippecanoe 

Lake,  5  m W.  J.  Moenkhaus 

27.  The  Myxomycetes  of  Winona  Lake,  10  m Fred  Mutchler 

28.  The  Plankton  of  Winona  Lake,  10  m Chancy  Juday 

20.    Tlie  Birds  of  Winona  Lake,  15  m Clarence  (i.  Littell 

:MK    a  List  of  the  Dragonflies  of  Winona  Lake,  5  m.  .Clarence  H.  Kennedy 
:U.    A  New  Diagnostic  Character  for  the  Species  of  the  Genus 

Argia,  10  m (Clarence  H.  Kennedj' 

CHEMISTKY  AND  GEOLOGY. 

32.  Investigation  of  the  Action  between  Manganese  Dioxide 
and  l*otassium  Chlorate  in  the  Production  of  Oxj*- 
gen,  10  m PMward  G.  Mahiu 

,*i.3.  The  Action  of  Heat  on  Mixtures  of  Manganese  Dioxide 
witfi  Potassium  Nitrate  and  with  Potassium  Bichro- 
mate, 5  m J.  H.  Ransom 

.'i4.  Criticism  of  an  Experiment  Used  to  Determine  the  Combin- 
ing Ratio  of  Magnesium  and  Oxygen.  5  m J.  H.  Ransom 

.'i5.    An  Apparatus  for  Illustrating  Charles's  and  Boyle's  T^aws. 

J.  H.  Ransom 

36.    Some  As  Keto-R-Hexene  Derivatives,  5  m J.  B.  Gamer 

;{7.    Action  of  Hydrogen  l*eroxlde  on  Cuprous  Chloride,  10  m. 

W.  M.  Blanchard 
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38.    Goolopj'  of  the  Jemcz-Albiuiiiorque  Region,   New   Mexico, 

8  III Albert  B.  Reagnn 

30.    The  Jomoz  Coal  Fields.  10  m Albert  B.  Reagan 

Mi.    Ripple  Maiivs  iu   lliulson   Limestone  in  Jeflferson  County, 

Indiana,  5  ni Glenn  Culbertson 

41.  Some  Topograpliic  Features  in  the  Lower  Tippecanoe  Val- 
ley, 8  m F.  J.  Breeze 


THE  EIGIITEEXTII  AXXUAL  MP:ETINa  OF  THE 
INDIAXA  ACADEMY  OF  SCIENCE. 


The  eijchteenth  annual  meeting  of  the  Indiana  Academy  of  Science  was 
ht»ld  in  Indianapolis.  Friday  and  Saturday.  Deceml>er  2(3  and  27,  1002. 

Friday,  11  a.  m..  the  Kxecutive  Committee  met  in  session  at  hotel  head- 
quarters. At  2  o'clock  p.  m.  Tresident  Harvey  W.  Wiley  called  the  Acad- 
emy to  order  in  gc^neral  session  iu  tlie  room  of  the  State  Board  of  Agricul- 
ture. State  Hous(\  The  transaction  of  routine  and  miscellaneous  Vmsiness. 
occupied  the  first  part  of  the  session.  Following  this,  papers  of  general 
interest  were  read  and  iliscussed.  On  the  disposition  of  these,  special  tech- 
nical subjects  occupied  the  time  until  adjournment  at  5  p.  m. 

The  address  of  the  retiring  President.  Harvey  W.  Wiley,  was  delivered 
in  tlie  auditorium  of  tlie  Shortridgi*  High  School  at  8  p.  m.  before  the 
memlMTs  of  tlie  Academy  and  a  number  of  invited  guests;  subject,  '*Ye 
Sliall  Know  Them  ]>y  Tlieir  Fruit.s." 

Saturday  27.  0  a.  m..  tlie  Academy  met  in  gtMieral  session,  before  which 
tlie  remaining  pajuTs  of  the  program  were  read  and  discussed.  Following 
the  disposition  of  the  papers  unlinished  l)usiness  was  considered. 

Adjournment.  12  m. 

THE   FIKLl)  :\IEKTIX(;  OF  1902. 


The  lield  meeting  was  ai)pointed  for  Madison  and  Hanover.  May  22,  23 
and  24.  The  President  and  some  of  the  members  assembled,  but  owing  to 
the  heavy  rains  and  the  inclemency  of  the  weather  all  attempts  to  do  field 
work  were  necessarily  abandoned. 
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rRESII)EXT\S  ADDRESS. 

H.    W.  WiLKY. 

Ve  Shall  Know  Them  ijy  Their  Fruits. 

M(Miil)i»rs  of  tho  Indiana  Academy  of  Science.  Ladies  and  GcMitlemon— 
It  perhaps  niarlvs  a  sad  epocli  in  the  history  of  a  man  wlien  he  delib- 
eratelj-  chooses  a  period  of  reminiscence  for  a  pnl)lie  address.  It  is  one  of 
tlie  privilejjes  of  tlie  old  to  review  tlie  precedinjr  years  and  draw  from  them 
sudi  lessons  of  wisdom  or  of  folly  as  may  happen  to  he  the  case.  I  have 
therefore,  chostMi  on  tliis  occasion  to  look  back  over  the  scientific  history 
of  Indiana  dnrlnfr  a  period  of  a  third  of  a  century.  Strange  as  it  may  spem, 
that  short  i)(  riod  covers  practically  all  the  progress  which  has  beiMi  made 
in  applie<l  s<-icnce  in  this  ixvvnt  State.  I  do  not  forget  the  early  days  of  the 
Owens  and  th(»ir  asso<*iates,  and  the  great  contributions  which  came  to 
the  inti»llectual  and  scientilic  <leveh)pnient  of  our  people  from  the  center 
lirst  establisljcd  at  New  Harmony,  but  I  .speak  of  the  actual  accomplish- 
ments for  the  good  of  the  c(»mmunity  from  the  application  of  the  principles 
of  science  to  mining,  manufacture,  commerce,  agriculture  and  public 
health. 

It  was  my  fortune  to  <mter  upon  thi»  period  of  my  educati(m  immi'di- 
ately  following  the  great  Civil  War.  This  fratrici<lal  struggle  for  four 
ytars  had  engaged  cvt'iy  energy  and  cmisumed  every  resource  of  our 
country.  The  end  of  the  war  left  our  people  in  a  remarkably  susceptible 
<*ondition -ready  for  the  i)urpose  of  re-establishing  their  industries  and  of 
utilizing  every  availabb*  means  theret(».  In  the  very  midst  of  the  period 
of  the  Civil  War  were  laid  deep  and  sure,  by  wi.se  congressional  action, 
the  foundations  of  the  system  of  agiMcultural  and  technical  education, 
which  has  since  grown  to  i)e  tlie  admiraticm  of  the  world.  I  refer  to  the 
Morrill  Act  of  1S<;2,  setting  apart  iHirtions  of  the  public  domain  for  the 
purpose  of  promoting  instruction  in  agi-icultural  and  mechanical  arts  and 
military  tactics.  Every  State  in  our  Cnion  received  grants  of  public  lands 
in  proportion  to  size,  population  and  representation  in  Congress.  It  is 
true  tliat  some  of  the  States  invested  tliis  munificent  endowment  more 
wisely  than  others,  but  all  have  received  from  It  substantial  aid.  This 
munificent  gift  to  technical  eilucation  was  supplemented  twenty  years 
later  by  the  Hatch  Act,  whereby  there  was  established  in  each  State  and 
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Torritory  of  the  riiioii  at  least  one  Agricultural  Experiment  Station  with 
an  annual  jrrant  of  $ir»,(RM>.  Still  later  Congress  added  to  the  Income  of 
each  of  the  agricultural  and  technical  colleges  by  a  money  grant  which 
now  amounts  to  $2r>.fMK»  annually.  I  recall  briefly  the  condition  of  scien- 
tific instruction  in  the  State  of  Indiana  in  the  five  years  immediately  fol- 
lowing the  Civil  War.  I  can  illustrate  these  years  by  brief  allusions  to 
the  system  of  instruction  in  use  in  our  higher  institutions  of  learning. 
By  these  I  mean  especially  the  colleges  and  universities  then  existing 
rather  than  the  high  schools.  Beginning  with  the  oldest  institutions  of 
learning.  I  will  say  that  in  tlie  State  University  during  the  period  noted, 
instruction  in  the  sciences  was  given  l)y  Professors  Owen,  Kirk  wood  and 
Wylie.  These  three  names  are  intimately  associated  with  the  beginnings 
of  scientific  instruction  in  our  State.  They  were  all  men  of  remarkable 
int(»Ilectual  power.  Professor  Owen  devoted  himself  chiefly  to  the  so- 
calkMl  natural  sciences  (I  wondtT  what  are  unnatural?).  Professor  Kirk- 
wood  to  astronomy  and  Professor  Wylie  to  physics.  It  should  not  be  fi>r- 
gotten  that  Prof(»ssor  Uichard  Owen  was  chosen  as  the  first  president  of 
Purdue,  ])ut  never  actively  entered  on  the  duties  of  the  office.  His  tastes 
and  training  were  not  in  the  line  of  executive  work,  and  in  addition,  his 
advancing  years  precluded  tl:e  possil)illty  of  that  strenuous  service  which 
even  in  those  early  days  was  look(Ml  for.  perhaps  under  another  name.  In 
tli(»  executive  ottic<».  As  there  were  beautiful  women  before  the  days  of 
Ilel(«n,  so  tlie  lives  f»f  tliese  pioneers  in  scientific  work  remind  us  that 
tliere  w(  re  gi-eat  men  in  Indiana  bef<»re  the  days  of  Jordan  and  Coulter. 

Tlie  next  oldest  Institution  is  th(»  one  I  am  most  familiar  with  in  the 
State,  namely,  Hanover  College.  In  that  institution  instruction  In  the 
sciences  at  the  time  mentioned  was  giv(»n.  with  the  exception  of  the  mathe- 
matics, exclusively  by  Dr.  .Tohn  W.  Scott.  Having  studieil  for  four  years 
witli  tins  illustrious  man  I  can  speak  with  knowledge  of  the  great  work 
which  he  accomplished;  work,  I  am  sure,  which  was  only  a  type  of  that 
done  by  other  teachers  of  science  in  colleges  at  that  time.  Dr.  Scott  had 
never  received  any  special  training  in  science  more  than  was  given  in  the 
old  colleges  existing  in  our  country  between  the  years  1820  to  1825.  He 
was  born  with  the  beginning  of  the  last  century  and  happily  lived  almost 
to  its  close.  He  was  educated  for  the  ministry  and  devoted  practically  bis 
whole  life  to  the  churcii.  During  tlie  period  of  liis  professorship  lie  was 
pastor  of  the  village  ciiureh.  associating  tliese  onerous  duties  with  those 
of  the  classroom.     Doctor  Scott  taught  many  sciences,  viz.,  botany,  geol- 
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ogy.  biology,  entomology,  chemistry  and  physics.  In  addition  to  thcee  he 
often  had  a  class  in  Latin  and  occasionally  other  branches.  Doctor  Scott 
was  a  man  of  wonderful  strength  of  body  and  mind,  and  had  a  capacity 
for  continued  work  which  was  nothing  less  than  astonishing.  During  the 
day,  after  the  end  of  the  recitation,  he  would  spend  the  hours  in  his 
laboratory  preparinjr  for  the  experiments  and  recitations  for  the  follow- 
ing day.  Tlio  lamp  in  his  study  window  would  often  be  found  burning  at 
night  up  to  I'J  and  <>ven  1  o'chxk.  preparing  for  his  sermons  on  Sunday. 
He  was  nccustuuH'd  to  have  in  his  preparatory  work  in  his  laboratory  the 
assistance  of  one  of  Iiis  stu<l<»nts.  and  during  my  time  at  Hanover  I  espe- 
cially renienil>er  the  enthusiasm  with  which  Mr.  M.  L.  Amick,  now  a 
prominent  pliysi<*lan  in  (Cincinnati,  displaj'ed  in  the  preparation  of  the 
h'clures.  With  a  lai)oratory  outfit  of  the  most  meager  description  Dr. 
Scott  was  al)le  to  give  in  chemistry  a  series  of  experimental  lectures  which 
would  have  done  credit  to  many  of  the  elaborate  lecture  rooms  of  to-day. 
There  was  absolutely  no  provision  for  tlie  students*  work  in  the  laboratory 
whereby  the  fundamental  principles  of  diemistry  could  be  illustrated  by 
appropriate  experimental  work.  Some  of  these  experiments  were  very 
ilillicult,  and  at  least  one  of  them  I  have  nev<'r  seen  performed  in  an  ex- 
perimental lecture  anywhere  else  in  the  world,  namely,  the  preparation 
of  file  highly  explosive  chloride  of  nitrogen.  The  preparation  of  this 
compimnd  is  one  of  such  danger  that  It  should  only  be  attempted  with 
those  most  skilled,  yet  every  year  for  three  years  I  saw  Dr.  Scott  perform 
this  experiment  in  a  most  successful  manner.  The  small  quantity  of  the 
explosive  made  was  placinl  in  a  safe  place  out  of  d(K)rs  and  exploded  by 
means  of  a  long  stick,  the  tip  of  which  had  been  dipped  in  turpentine  oil. 
By  reason  of  this  devotion  to  his  profession  and  the  success  attending  his 
efforts,  he  "made  chemistry,  which  was  at  that  time  one  of  the  dry  book 
studies,  a  most  attractive  science.  In  like  manner  he  would  conduct  his 
classes  in  botany  to  the  neighl)oring  woods  and  fields  and  teach  them  not 
only  the  principles  of  botanical  cla.ssifications,  but  the  means  of  identify- 
ing the  various  species  of  plants  growing  In  the  vicinity.  The  hills  of  the 
Ohio  Itlver,  ricli  in  magnificent  trilobites  and  other  reminiscences  of  early 
geological  life  atTorded  a  magnificent  opportunity  for  teaching  the  practi- 
cail  principles  of  geology  as  illustrated  in  those  lofty  hills  and  deep  ra- 
vines. Since  those  days,  when  I  have  seen  practically  all  the  magnificently 
equippiHl  laboratories  of  the  world,  the  wonder  grows  more  and  more  In 
my  mind  at  the  ^eat  work  which  this  great  man  could  accompllBh  with 
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so  few  material  appliances  to  help  him.  1  shall  never  forget  the  last 
time  he  visited  my  laboratory  in  Washington.  After  leaving  Hanover  he 
liad  come  to  Washington  and  talcen  a  position  as  a  clerk  in  the  Pension 
Office.  At  the  time  I  speak  of  he  was  90  years  of  age,  but  still  clear  of 
mind  and  firm  of  step.  It  was  soon  after  the  inauguration  of  Benjamin 
Harrison  as  President  of  the  T'nitcd  States.  One  morning  Doctor  Scott 
stepped  into  my  ottice.  He  seenunl  uneasy  and  wore  a  worried  look. 
When  1  inquired  in  r(»gard  to  his  iiealtli.  lie  said  it  was  most  excellent. 
but  lie  add(Kl.  "Strange  to  say.  I  have  liecome  a  victim  of  the  Re- 
publican administration.  <icneral  Harrison  has  insisted  on  me  com- 
ing to  tlie  White  House  to  live  witli  him  and  lias  <lismissed  me  from  my 
position  in  the  Pension  Ottice."  He  continu(Hl.  "I  am  a  gentleman  of 
leisure  now,  and  I  tliink  I  would  like  to  come  and  study  chemistry  with 
you."  It  is  only  when  we  can  I(»ok  l)ack  on  a  life-work  such  as  that  clone 
l)y  Doctor  Scott  that  we  can  realize  the  incstimalde  Idessing  of  his  career 
to  liumanity.  Two  years  after  tliat  tlie  end  came  peacefully  to  his  exist- 
ence. I  can  not  lielp  tliinking  that  the  fe(»ling  of  love  ami  interest  taken 
in  liim  l)y  tlie  Pr(»sident,  expressing  itself  in  tlie  desire  that  he  shouUl  pass 
liis  last  days  in  tlie  comfort  and  honor  of  tlic  White  Houkc,  may  have 
shortened  iiis  life.  If  he  <'(uild  have  kept  at  work,  which  was  his  normal 
comlitioii,  lie  miglit  liave  rounded  out  the  century. 

Scientific  instruction  ^ivcn  during  tlu*  period  I  speak  of  at  Wabash 
College  was  in  cliari^c  of  Pnifcssors  Canipbell  and  llovey.  Professor 
Campbell  is  still  in  tlic  linrncss— possildy  almost  the  only  one  of  the  old 
Ki'Mi'd  that  still  wears  his  armor. 

At  tlie  present  time  <-lieniistry.  Iiiology,  l»ot:iiiy,  mathi'iiiatics,  physics 
and  astroinnny  are  ail  separate  departnienls.  Tlie  change  at  Wabash 
has  taken  place  gradually  and  progressively,  so  that  it  Is  not 'possible  to 
designate  these  segregations  by  any  particular  peri<:(l.  It  will  be  sutti<»ient 
to  say  that  it  has  heeii  the  constant  effort  at  Wabash  to  k(H»i»  uji  with  the 
new  without  disparaging  the  old.  Wabash  is  another  of  the  so-called 
small  colleges  which  has  established  for  itself  a  plact^  and  a  reputation 
of  the  highest  character.  We  have  so  many  illustrations  of  institutions 
of  this  kind  In  lialiana  that  tlie  sneering  remarks  which  are  often  made 
about  the  small  colleges  of  Indiana  meet  with  a  merited  rebuke  when  one 
takes  the  trouble  to  investigate  the  great  work  which  has  been  accom- 
plislied  by  them. 

At  Earlham  College  instruction  in  science  vas  given  by  Professors 
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Erastiis  Test,  William  B.  Morjran  and  Joseph  Moore.  In  the  period  from 
18(j5  to  1870  tlio  text-hooks  used  at  Earlham  in  chemistry  was  Stock- 
hardt's;  in  hotany,  (iray's  Structural.  Herschel's  work  on  astronomy  was 
the  one  used  in  tlie  classroom,  and  Dana's  was,  of  course,  the  one  used 
in  >;eolojjy.  Two  of  these  veteran  instructors  I  have  had  the  pleasure 
of  knowing  pt'rsonally,  namely,  Professor  Tt^st  and  Trofessor  Morgah. 

Earlham  College  enjoys  the  distinction  of  having  been  one  of  the  fore- 
most among  the  cdu(  :itit>nal  institutions  of  tlie  West  in  the  i)roniotion  of 
advance<l  practical  instruction  in  science.  In  the  year  1S53  it  nmde  the 
first  l)eginning  in  Indiana  toward  a  permanent  collection  of  material  in 
geology  and  natrral  history  for  i)un)oses  of  collegt*  instruction.  The  pres- 
ent Earlham  College  museum,  with  it  j  n  ore  than  14.(MM)  specimens,  is  the 
outgi'owth  <»f  tliat  beginning. 

About  tlic  same  time  the  first  astronomical  observatory  in  the  State 
was  established  at  Karlliam.  A  room  in  Earlham  Hall,  adjoining  the 
present  quarters  of  the  Christian  Associations,  was  the  location  of  the 
first  chemical  lal  oratory  for  the  use  of  college  students  in  Indiana. 

At  present  Earlham  olTers  courses  in  scienc(»  as  follows,  a  year's  high 
school  laboratory  w<nk  in  some  one  science  being  retpiired  for  matricula- 
tion: Chemistry,  six  terms'  work;  physics,  six  terms'  work;  biology,  ten 
terms'  work:  geology,  four  terms'  work;  astronomy,  three  terms'  work; 
psychology,  two  terms'  work. 

Earlham  now  has  a  complete  set  of  laboratories  devoted  to  chemistry, 
biology,  physics  and  psychoh)gy.  These  laboratories  are  equipped  with 
all  mo<lern  aiipliances.  and  althougli  not  as  large  as  those  in  nmny  insti- 
tutions, they  an»  complete  in  every  respect  for  the  prosecuti<m  of  re- 
search and  for  purposes  of  instruction. 

At  Hutier  College,  at  that  time  known  as  Northwestern  Christian  Uni- 
versity, instruction  in  science  was  given  l»y  that  distinguished  geologist 
and  chemist.  Dr.  U.  T.  Brown,  assisted  part  of  the  time  by  Professor 
Falrchild.  During  the  years  of  1800  and  1870  I  learned  to  know  Doctor 
Brown  intimately,  for  during  that  period  I  served  as  instructor  in  Latiu 
and  Greek  in  the  Northwestern  Christian  University.  Interested,  as  I 
was,  at  that  time,  in  scientific  studies,  I  accompanied  Doctor  Brown  on 
some  of  his  geological  excursi<ms.  I  remember  particularly  the  trip  which 
was  taken  in  the  spring  of  1800  down  as  far  as  Spencer.  It  was  at  the 
time  that  the  railroad  from  Indianapolis  to  Vincennes  was  building  and 
it  was  finished  practically  all  the  way  to  Spencer,  and  part  of  this  trip 
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was  made  on  the  railroad,  and  then  the  rest  on  foot,  several  days  being 
spent  in  studying  the  geological  formations.  Doctor  Brown  was  a  man 
of  practically  the  same  type  as  Doctor  Scott,  full  of  enthusiasm,  a  won- 
derful capacity  for  work,  a  magnificent  physique,  and  a  faculty  of  inter- 
esting his  students  in  the  subjects  under  consid  prat  ion.  These  two  men, 
whom  I  linew  so  well,  were  typical  teachers.  They  had  the  genius 
docentis.  Mr.  Brown's  services  to  the  State  are  written  in  its  Geological 
Reports  of  the  coal  fields  and  in  the  promotion  of  its  industries.  Like 
Doctor  Scott,  he  was  also  a  preaclior,  and  tliere  wns  rarely  a  Sunday  that 
he  did  not  deliver  at  least  two  sermons.  He  was  i)}nticularly  fond  of 
walking,  and  thouglit  notliing,  even  at  the  ajie  of  seventy,  of  a  tramp  of 
ten  or  fifteen  miles  to  fill  an  appointment.  1  rememlier  a  story  which  he 
told  in  regard  to  one  of  his  trips  wlien  he  was  a  young  man  and  soon  after 
he  entered  the  ministry.  He  was  too  poor  to  have  a  horse  and  was  in 
the  habit  of  going  from  one  appointment  to  another  on  foot,  inasmucli  as 
the  railroads  were  tlien  not  in  vogue.  One  morning  after  a  long  tramp 
he  stopped  at  a  farmhouse  witli  the  expectation  of  being  entertained  at 
dinner.  Tlie  farmer  liappcned  to  l)e  a  quaker,  and,  of  course,  devoid  of 
any  ceremony.  Doctor  Brown  was  a  modest  young  man  and  was  not  quite 
accustomed  to  tiie  directness  of  the  (luakers'  hospitality,  and  when  the 
liour  for  the  meal  arrived  the  host  said,  "Thy  dinner  is  ready;  will  tliee 
come  in  to  dineV"  He  very  politely  said,  expecting  to  be  invited  a  second 
time,  *'I  thank  you,  but  I  am  not  very  hungry:"  to  which  came  the  reply. 
"Very  well,  thee  can  sit  there  until  we  have  finished."  Wliereupon  the 
dinner  was  served  with  all  tlie  good  things  which  a  quaker  farmer  can 
put  upon  a  table,  while  the  young  preacher  was  left  to  regale  himself  with 
all  the  delicious  odors  from  the  talile  and  tlie  thought  of  what  he  could 
do  with  ail  the  excess  of  peptic  ferments  which  the  odor  of  the  dinner 
were  producing.  After  that  experience  lie  learned  never  to  decline  the 
first  invitation  from  a  quaker. 

Instruction  in  Franklin  College  in  science  at  the  time  I  mention,  was 
given  by  Professor  Hougliam.  Professor  Hougham  was  also  a  remark- 
able man  in  industry  and  in  al)ility.  I  afterward  had  the  good  fortune  to 
know  him  quite  intimately  when  he  was  one  of  the  professors  in  the 
early  days  of  Purdue.  In  his  laboratory  work  he  was  the  perfection  of 
neatness  and  order.  In  fact  this  was  one  of  the  predominating  character- 
istics of  his  character,  and  his  great  success  in  life  was,  in  a  large  meas- 
ure, due  to  it.    Professor  Hougham  was  particularly  interested  in  physics 
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and  had  charge  of  that  branch  of  science  in  the  early  days  of  Purdue.  He 
had  a  happy  constructive  faculty  and  could  make  a  very  modest  collec- 
tion of  appliances  serve  for  extended  illustrations.  Professor  Hougham 
was  a  manufacturer  of  philosophical  apparatus,  and  Franklin  College  had 
the  benefit  of  many  of  the  pieces  of  apparatus  which  he  built.  He  took 
post-graduate  work  at  Brown  University,  and  the  lirst  chemical  laboratory 
built  at  Purdue  was  constructed  on  the  exact  plans  of  the  laboratory  at 
Brown.  The  Civil  War  had  a  depressing  effect  upon  Franklin  College,  and 
I  believe  it  was  the  only  institution  of  hi;?her  learning  which  was  closed 
for  a  period  as  a  result  directly  or  indir(»ctly  of  that  conflict.  There  was 
an  interregnum  at  Franklin  from  JSCm  to  18(10.  When  the  institution 
opened  again  in  1S<J«),  Prfsideul  Stott  took  temporary  charge  of  chemistry, 
physics,  physiology,  botany  and  geology.  The  text-books  ustnl  then  were 
Youman's  in  chemistry:  (lanot  and  Olmsted's  in  physics:  Dana's  in  geol- 
ogj-:  Gray's  in  Imtany;  and  Hit<hc<)rk's  in  pliysiology.  At  the  present  time 
there  are  four  large  rooms  devoted  to  chemistry,  one  to  physics,  and  three 
to  biology.  There  are  two  full  professors  giving  instruction  in  these  sci- 
ences and  the  laboratories  are  well  supplied  with  apparatus  and  w^ith 
working  lll»raries.  Franklin  has  also  an  excellent  biological  collection, 
mostly  the  gift  of  Mr.  (Jorliy.  at  one  time  State  (teologist. 

DePauw  University,  in  tho.se  days,  was  known  as  Asl)ury,  and  perhaps 
the  only  science?  teacher  in  the  institution  was  .To-^eph  Tingley.  1  never 
had  the  good  fortune  to  know  Professor  Tingh'y  very  well,  but  met  him 
on  one  or  two  occasions.  One  of  these  I  sh<uild  like  to  recall.  It  was,  I 
think,  in  the  winter  of  ISTO,  when  he  gavi»  an  illustrated  lecture  on  elec- 
tricity in  Indianapolis.  This  was  the  tirst  occasion  on  which  I  ever  saw 
an  electric  light  protluced  by  the  current  passing  between  two  carlH>n 
points.  This  current  was  generated  by  a  battery  of  a  great  many  cells 
(I  have  forgotten  just  now  how  many)  composed  of  the  elements  of  carbon 
and  zinc.  It  was  not  a  very  big  light,  but  very  intense,  and  I  imagine  that 
none  of  the  audience  present,  and  it  was  a  large  one,  had  ever  seen  an  elec- 
tric light  before.  I  have  no  doubt  I  address  some  here  who  were  students 
of  Professor  Tingley,  and  they,  without  question,  can  say  the  good  things 
of  him  which  I,  from  my  personal  acquaintance,  have  said  of  Doctors 
Scott  and  Brown.  In  connection  with  the  exhibition  of  the  electric  light 
which  is  now  so  universal  in  all  our  cities  and  towns,  I  might  call  atten- 
tion to  the  fact  that  the  first  electric  light  generated  by  a  dynamo  seen  In 
Indiana  was  at  Purdue  Uuiversity.    During  the  Centennial  Exposition  of 
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1876  there  were  exhibited  three  or  four  dynamos  manufaetnred  by 
Gramme,  of  Paris.  One  of  these  was  purcliased  for  the  physical  labora- 
tory of  Punlue  University  and  one  by  Professor  Harker  for  the  physical 
laboratory  of  tlie  T'niversity  of  Pennsylvania.  Professor  Harker,  doiil>t- 
less,  got  his  apparatus  before  Purdue,  since  it  was  nearl)y.  As  soon  as  tlic 
exposition  was  over  tlie  machine  bclouKiuj?  to  Purdue  was  sent  to  Lafay- 
ette and  early  in  November,  1S70,  the  first  motlern  electric  light  ever  seen 
In  Indiana  blazed  forth  from  the  towtT  of  the  Purdue  chemical  laboratory. 
It  was  one  of  the  wonders  of  the  age  and  was  the  talk  of  the  newspapers 
and  the  town  for  many  weeks.  It  seems  almost  incredible  to  think  that 
twenty-seven  yeai*s  ago  one  electric  light  would  cause  such  a  commotion 
in  a  community.  But  this  fa^t  should  fully  illustrate  to  the  young  people 
how  much  more  keenly  we  of  advanced  age  can  understand  the  p^ogres.^  of 
science  in  our  State.  Prof.  .Tosepli  Tinglcy.  at  Asbury  University,  had  a 
room  20x30  feet  as  a  lecture  room  and  one  Ux\2  feet  for  his  store  room.  At 
the  present  time  there  are  four  departments  of  science  teaching  at  De- 
Pauw.  namely,  chemistry,  physics,  botany  and  zoology.  These  depart- 
ments are  in  charge  of  Dr.  W.  M.  lUanchard.  chemistry;  Prof.  J.  P.  May- 
lor,  physics,  and  Prof.  ^lel.  T.  Cook,  biology.  Each  professor  has  an 
assistant  and  their  rooms,  taken  in  the  aggregate,  amount  to  more  floor 
space  than  the  entire  old  college  building  of  Asljury  University.  One  of 
the  latest  acquisitions  at  I>ePauw  is  the  Minshall  lal>oratory,  8i>xi:iO  feet. 
three  stories,  constructed  or  stone,  brick  and  iron,  fireproof,  and  with  the 
most  modern  appliances  for  teaching  diemistry  and  physics.  Plans  are 
now  practically  com])lete<l  for  tlie  departments  of  botany  and  zoiilog^'. 

One  of  the  earliest  contributi(»ns  to  tlu'  material  prosperity  of  Indiana 
from  the  sciences  was  made  by  geology.  1  have  no  time  here  to  review 
the  voluminous  geological  reports  which  have  been  made  from  time  to 
time  in  the  liistory  of  our  State.  There  are  a  few  salient  points,  however. 
in  the  history  of  economic  geology  which  may  prove  of  interest. 

I  have  already  made  allusions  to  tlu»  services  of  Dr.  U.  T.  Brown  to 
the  geological  development  of  our  State.  1  have  now  to  speak  of  a  period 
in  our  geological  development  of  most  remarkable  significance.  1  refer  to 
the  services  of  that  distinguished  scientist.  Prof.  K.  T.  Cox.  Trained  un- 
der the  Owens,  he  had  imitated  their  zeal  and  their  industry,  and  was 
active  in  all  his  habits,  both  bodily  and  mental.  He  pushed  with  utmost 
vigor  the  investigations  of  a  geological  nature  into  the  extent  and  charac- 
ter of  the  coal  deposits  of  the  State.     He  early  saw  the  importance  of 
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utilizing  the  assistance  of  chemistry  in  this  worlv,  and  established  the 
first  ohomlcal  laboratory  for  research.  I  suppose,  ever  l)uilt  m  the  State 
of  Indiana.  I  renicniber  well  this  laboratory  in  one  of  the  dln^y  lOoms 
of  the  old  State  House  as  1  first  saw  it  In  1S<>0  or  ISTO.  Professor  Cox  had 
associattHl  with  him  a  chemist  of  slcill  and  j^reat  industry,  Dr.  G.  M.  Levette. 
Doctor  I.evette  was  not  only  a  skilled  chemist,  but  had  also  a  work- 
ing knowled^re  of  otlier  sciences,  and,  tlierefore,  his  aid  in  developing  some 
of  tin*  pliases  of  the  G(H)logical  Survey  was  of  the  greatest  helpfulness.  It 
was  in  this  lal>oratory  tliat  I  first  saw  a  quantitative  determination,  and 
I  rememl)er  tlie  feelings  with  which  I  used  to  watch  Doctor  Levette,  who 
patiently  permitted  me  to  hang  around  his  lalioratory  and  probablj*  greatly 
interfere  with  his  work  without  exhibiting  any  signs  of  petulance  or  re- 
sentment. AH  tlic  difTcrent  varieties  of  coal  which  were  then  known  In 
the  State  were  sul)mitted  to  the  most  careful  <*hemical  examinations.  He 
also  erected  and  operated  a  small  apparatus  l)j'  means  of  which  bitumin- 
ous coal  could  l)e  heated  und(»r  pressure,  making,  as  he  termed  it.  an 
artificial  cokf^  or  anthracite  illustrating  prol»al)ly  some  of  the  methods 
by  which  nature  luis  secun'd  the  deposits  of  hard  coal  from  those  of  a  soft 
or  l)ituminous  nature.  I  shall  never  cease  to  be  gi*at(»ful  for  the  interest 
which  these  two  distinguislied  men  took  in  my  visits  to  their  laboratories, 
which.  1  fear,  were  all  too  frc«iuent  for  the  even  march  of  official  business. 
The  personal  friendsliip  wliicli  1  formed  for  Trofes.sor  Tox  at  that  time, 
I  am  glad  to  say.  has  continued  until  the  present.  He  is  now  an  old  man 
retired  from  worlv  an«l  spending  the  evening  of  his  life  in  the  grateful 
climate  of  Florida.  The  services,  however,  wlii<-h  he  rendered  to  the 
economic  development  ol'  Indiana  will  l)e  more  and  more  appreciated  as 
the  years  roll  l>y.  It  was  jilso  my  good  fortune  to  know  one  of  the  suc- 
cessors of  Professor  Cox  personally  and  intimately,  nann^ly,  ^Ir.  .John  Col- 
lett,  who  was  first  an  assistant  to  Professor  Cox  and  became  State  (Seol- 
ogist  in  isso.  Mr.  Collett  liad  a  wonderfully  keen  insight  into  the  nature 
of  scientific  proI>lems  and  great  ability  in  developing  them.  His  chief 
work  toward  th(»  economi<al  deveh>r.ment  of  the  State  was  directed  to  the 
building-stone  industry.  He  called  attention  to  the  ivmarkable  character 
of  the  deposits  in  liawrence  County,  and  it  was  during  his  incumbency  of 
the  office  tliat  tlie  present  State  House*  was  constructed  of  the  stone  of 
that  locality  and  the  Soldiers'  and  Sailors'  Monument  begun.  Mr.  Collett 
was  chiefly  active  as  a  geologist,  though  contributing  in  many  other  ways 
to  the  development  of  applied  science  In  the  State.     He  was  the  author 
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of  tlie  first  fertilizer  control  law  which  was  enacted  in  this  State,  a  law 
which  did  so  much  to  protect  the  farmers  from  fraud,  and  in  its  applica- 
tion to  point  out  to  them  the  fundamental  principle  of  applying  artificial 
fertilizer.  This  is  another  remarkable  instance  in  w^hich  the  geologrical 
development  of  the  State  was  associated  with  the  chemical.  Mr.  CoUett 
had  a  strong  personality.  His  snow-white  beard  and  hair,  his  bright  blue 
eyes,  and  his  ruddy  complexion  made  him  a  striking  figm'e  everywhere. 
The  end  of  Mr.  Collett's  administration  of  office  was  followed  by  a  re- 
markable innovation  of  a  scientific  nature.  A  distinguished  poet  and  nov- 
elist, James  Maurice  Thompson,  was  elected  to  succeed  Mr.  CoUett  a« 
State  Geologist.  Mr.  Thompson  has  shown  in  his  writings  an  intimatje 
acquaintance  with  nature,  but  it  was  a  poetic  rather  than  a  scientific 
knowledge  which  he  possessed.  Evidently  the  courses  of  scientific  re- 
search were  not  found  conipntilile  witli  his  efforts  so  signal  and  success- 
ful in  the  fields  of  poetry  and  fiction.  After  two  years  he  resigueil  his 
ortice.  There  was  perhaps  little  loss  to  g(H)logy  in  his  resignation,  but 
evidently  a  marked  gain  to  literature,  for  had  he  remained  as  State  Geol- 
ogist that  delightful  romance,  "Alice*  of  Old  Vincennes."  would  probably 
not  liave  ]>een  written.  Mr.  Tliompson  was  succeeded  i)y  Mr.  S.  S.  Gorby, 
who  held  the  position  until  the  present  incumbent  assumed  control  of  the 
office.  We  are  so  familiar  with  the  valuable  work  which  Mr.  Blatchley 
has  accomplished  that  it  will  not  l)e  necessary  for  me  to  dwell  long  upon 
it.  One  of  the  innovations  which  has  been  of  distinct  value  in  the  prose- 
cution of  the  geological  survey  of  the  State  by  Mr.  Blatchley  w-as  the 
abolition  of  the  method  of  county  surveys  formerly  in  vogue.  In  their 
stead  he  adopted  the  plan  of  taking  up  each  of  the  natural  resources  in 
detail,  and  preparing  a  monograph  or  special  report  thereon,  accompanied 
by  maps,  cuts,  engravings  and  tables  of  cliemical  and  physical  tests.  An- 
other successful  application  of  economic  science  to  industry  has  resulted 
from  a  study  of  the  clay  deposits  in  the  State.  The  description  of  the  char- 
acter of  these  clays,  with  their  chemical  and  physical  composition,  has 
become  valuable  to  intending  investors  and  more  tlian  twenty  large  fac- 
tories have  been  estal)lished  in  Clay,  Vigo,  Fountain,  Vermillion,  Parke, 
Morgan  and  other  counties  for  the  manufacture  of  clay  products.  The 
total  value  of  the  output  of  these  factories  in  IIXM)  Avas  $3,358,350.  Another 
result  of  the  geological  studies  of  Indiana  was  tlie  discovery  of  petroleum 
oil  deposits.  The  output  of  oil  in  the  State  of  Indiana  in  1901  was  5,749,- 
975  barrels,  of  which  the  market  value  was  only  a  little  less  than  f  I.UO 
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per  barrel.  The  magnitude  of  the  building-stone  industry  which  has 
gi'own  as  a  result  of  geological  investigations,  has  raised  Indiana  to  the 
first  rauli  in  the  States  of  the  Union  in  the  output  of  limestone  for  build- 
ing purposes,  as  shown  by  the  following  statistics:  The  quantity  mined 
in  1901  was  7J81,320  cubic  feet.  Five  State  capitol  buildings,  namely, 
those  of  Indiana,  Illinois,  Georgia,  Now  Jersey  and  Kansas,  have  been  con- 
structed wholly  or  partly  from  it.  Numerous  custom  houses  and  public 
buildings  of  the  United  States  have  also  been  made  of  this  stone,  and 
twenty-seven  court  houses  in  the  State  of  Indiana  are  built  of  it.  Mr. 
Blatchley  has  also  taken  up  again  the  study  of  the  coal  fields  of  the 
State,  as  little  has  been  done  in  that  line  since  the  time  of  Professor 
Cox,  and  the  output  of  coal  in  Indiana  has  almost  doubled  in  the  last  few 
years,  amounting  in  1901  to  7,019,203  tons.  In  conjunction  with  chem- 
istry the  Geological  Survey  of  the  State  has  also  developed  the  resources 
for  the  manufacture  of  marl  and  cement.  As  a  result  of  these  investiga- 
tions a  large  output  of  cement  similar  to  that  knoAvn  as  Portland  is  now 
credited  to  Indiana.  It  is  estimated  that  the  output  of  this  cement  for 
1902  will  be  fully  equal  to  000,000  barrels.  The  adaptability  of  the  oolitic 
and  other  limestones  of  Indiana  as  suitable  material  to  be  used  in  the 
manufacture  of  cement  has  been  described,  and,  as  a  result  of  this,  fac- 
tories have  already  been  able  to  make  use  of  these  materials.  It  has  been 
shown  that  Indiana  has  the  raw  materials  to  supply  not  only  the  United 
States,  but  the  whole  world  with  a  first-class  article  of  cement  for  hun- 
dreds of  years  to  come.  The  mineral  waters  of  our  State  are  justly  cele- 
brated for  their  medicinal  and  curative  properties,  and  their  development 
is  the  joint  work  of  geology  and  chemistry.  There  are  now  known  in 
the  different  parts  of  the  State  eighty-six  wells  and  springs  whose  waters 
are  valued  for  therapeutic  purposes.  The  natural  gas  industry  has  also 
added  hundreds  of  millions  of  dollars  to  the  development  of  the  State,  and 
this  development  is  largelj'  associated  with  the  work  of  the  Geological 
Survey.  It  is  hard  in  so  brief  a  time  to  do  anything  like  justice  to  what 
geology  as  a  science  has  done  for  the  industries,  and  also  to  recognize  the 
services  of  the  distinguished  men  who  have  been  connected  with  this 
work.  It  is  enough  for  our  purpose  here  to  call  attention  to  the  leading 
characters  of  the  work  done  by  geologists  in  the  development  of  our  in- 
dustries. 

The  contributions  made  by  botany,  entomology  and  zoology,  and  ani- 
mal and  vegetable  pathology,  to  the  material  welfare  of  the  State  are  no 
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less  striking  in  character,  tlioiigh  perhaps  less  in  magnitude,  than  those 
which  have  been  rendered  by  tlie  science  of  geology.  Botanical  studies, 
which  have  ever  been  far  advanced  in  Indiana,  have  disclosed  the  nature 
and  character  of  our  various  forests  and  have  especially  been  concerned 
with  the  improvements  of  economic  plants  for  agricultural  and  horitcul- 
tural  purposes.  The  study  of  economic  botany  is  one  which  lies  near  to  the 
welfare  of  many  of  the  fundamental  industries,  chief  among  them  being 
agriculture  and  pharmacy.  Espwially  the  study  of  the  development  of 
special  characteristics  of  plants  usefid  in  the  arts  is  one  of  the  phases  to 
which  botany  in  this  State  has  made  large  contrilmtions.  Without  discrim- 
inating against  tlie  other  botanical  laboratories  in  the  State,  I  can  l>est  illus- 
trate the  useful  character  of  this  work  l»y  what  has  been  done  at  Purdue 
University,  the  work  of  that  institution  being  more  familiar  to  me  in  ap- 
plied botanical  science  than  of  the  other  institutions  of  the  State.  From 
the  botanical  lai)oratones  of  Purdue  University  there  have  been,  from  1884 
to  1898,  fifty  bulletins  publisheil  on  botanical  subjects  of  practical  im- 
portance to  the  industries  of  our  State.  These  were  chiefly  from  the  fer- 
tile pens  of  Arthur  and  Coulter.  It  will,  of  course,  be  impossible  to  even 
give  a  brief  review  of  this  magnificent  work.  I  must  confine  myself 
merely  to  quoting  the  titles  of  some  of  these  important  contributions  in 
order  to  show  how  closely  allied  tliey  are  to  the  industries  of  the  State. 
Among  these  titles  1  might  mention  the  following:  **What  Is  Common 
Wheat  Rust?"  "A  Now  Factor  in  the  Improvements  of  Crops,"  **Black 
Knot  and  Other  Excrescences,"  ''Living  Plants  and  Their  Properties," 
"The  Forest  Trees  of  Indiana,"  "Science  and  the  State,"  "Forest  Fruits," 
"The  Flora  of  Indiana,"  etc. 

If  you  add  to  the  contril)utions  which  have  l)een  made  from  Purdue  Uni- 
versity those  whicli  have  been  made  from  other  centers  of  botimical  stud- 
ies and  investigations  you  have  a  sum  total  of  most  important  practical 
results.  In  general,  it  may  l)e  said,  that  liy  reason  of  the  activity  of  the 
botanical  science  in  tliis  State  and  tlie  application  thereof  to  our  indus- 
tries we  have  a  far  more  accurate  knowledge  of  those  plants  whicli  are 
most  intimately  related  to  our  industries.  In  the  second  place,  we  have  a 
systematic  and  scientific  conception  of  the  metheds  of  treating  these  plants 
in  order  to  produce  the  greatest  economic  results.  Tliird,  we  have  a  more 
advanced  knowledge  of  the  proper  distribution  of  these  plants  in  such  a 
manner  as  to  take  advantage  of  the  natural  qualities  of  the  soil  or  topo- 
graphical features  of  the  State  and  the  meteorological  environments.     In 
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the  fourth  phice,  wo  have  an  advanced  knowledge  of  the  nature  of  the 
diseases  whicli  nffoct  the  value  of  plants  and  the  methods  of  successfully 
conibattin^r  thrni.  What  has  been  said  of  botany  is  true,  also,  to  a  largo 
extent,  of  the  science  of  entomology,  although  perhaps  Indiana  has  not 
been  so  prominent  in  entomological  as  it  has  been  in  botanical  studies. 
Nevertheless,  most  valuable  contributions  have  been  made  by  the  ento- 
mologists of  our  institutions  of  learning  to  the  general  store  of  knowledge. 
In  regard  to  animal  diseases,  we  find  also  that  science  has  been  of  im- 
mense use  to  our  industries.  The  State  has  been  well  mapped  In  regard 
to  the  plague  of  hog  cholera  and  other  animal  diseases.  Crfreful  studies 
have  l)een  made  of  the  causes  of  these  diseases  and  their  distribution 
ccmpled  witli  tlie  regulations  for  the  restriction  of  these  diseases  and  their 
suppression.  Tliese  studies  have  come  largely  from  Purdue  University 
and  the  re|»orts  issued  by  Doctor  Bitting  of  tliat  institution  upon  animal 
diseases  have  been  of  the  highest  utility.  The  health  of  the  human  ani- 
mal has  also  not  been  negltM'ted  in  the  application  of  science  to  the  public 
welfare.  The  Indiana  State  Board  of  Health,  which  is  charged  with  the 
general  ov»»rsiglit  of  the  hygiene  (»f  tliis  common w(»alth.  has  been  estab- 
lishiMl  on  a  truly  sclent i tic  l>asis.  The  State  Board  of  Health  is  compose<l 
of  eminent  physicians  in  active  practice  and  its  executive  officer  Is  a  chem- 
ist and  pharmacist  of  national  reputation.  You  are  so  familiar  with  the 
contributions  whicli  this  distinguished  Ixuly  has  made  to  the  welfare  of 
ycmr  p(»()ple  that  I  can  not  enlighten  you  to  any  extent  upon  the  suliject. 
There  is  one  thing  that  I  ought  to  say  in  reference  to  this  work,  and 
that  is,  it  shouhri)e  supported  more  genenmsly  ])y  the  people.  What  the 
State  Board  of  Health  needs  from  Indiana  is  a  fund  for  the  enlargement 
of  the  activities,  and  to  make  its  work  more  useful,  a  laboratory  of  hygiene 
is  necessary  for  the  study  of  the  foods  and  waters  and  a  control  of  the 
pathogenic  germs  therein. 

The  execution  of  the  pm*e  food  law  which  was  enacted,  I  believe,  by 
the  last  Legislature  or  the  one  i>efore,  is  of  prime  importance.  No  one 
will  doubt  the  benetit  which  the  pure  food  law  gives  to  the  people  and 
its  helpfulness  to  the  prosperity  of  agriculture  and  the  honesty  of  com- 
merce in  focMls.  There  is  perhaps  little  lacking  in  the  letter  of  the  law 
which  has  been  carefuily  prei)ared  and  worded.  I  must  say,  however,  that 
from  a  careful  study  of  the  facilities  at  the  disposal  of  the  health  office 
I  fear  the  law  can  not  be  administereil  to  the  full  measure  of  its  letter 
and  spirit.    The  population  of  Indiana  in  round  numbers  is  2,750,000  at 
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the  present  time.  There  must  be  at  least  5CK),000  wage  earners  in  the 
State,  and  statistics  show  that  the  avoraj^e  amount  earned  liy  each  'wage 
earner  is  al)out  eighty  cents  per  day.  This  enormous  sum  of  from  $-kK>,- 
000  to  $500,000  is  paid  daily  in  wages  to  the  workers.  It  is  safe  to  say  that 
fully  three-fourths  of  the  wages  earned  per  day  are  spent  for  agricultural 
products,  that  is,  foods  and  elotliing,  so  that  the  average  amount  spent 
each  day  for  these  necessities  of  which  food  is  the  chief,  is  not  far  from 
$350,000.  Researches  of  chemists  in  all  parts  of  the  country  show  the 
enormous  extent  of  food  adulteration  resulting  in  selling  at  the  high  price 
of  the  genuine  cheaper  and  inferior  articles.  The  wage  earners  are  the 
principal  victims  of  these  frauds,  not  perhaps  in  actual  magnitude  of  ex- 
pended money,  but  in  proportion  to  their  income.  A  very  conservative 
estimate  would  place  the  magnitude  of  the  financial  fraud  practiced  upon 
the  wage  earners  of  the  State  in  the  matter  of  adulterated  foods  alone  at 
from  $15,000  to  $20,000  daily.  Not  only  is  this  condition  of  affairs  repre- 
hensible by  reason  of  this  enormous  tax  upon  the  daily  wages  of  hard 
working  men,  women  and  children,  but  it  is  a  moral  crime  of  a  still  more 
heinous  nature.  Twenty  thousand  dollars  a  day  for  fraudulent  foods,  mean 
a  tax  of  5  per  cent,  on  all  wages  of  all  workers.  When  a  fraud  of  this 
magnitude  is  considered  it  does  not  seem  unreasonable  to  ask  the  Legis- 
lature for  an  endowment  which  will  support  the  hygienic  laboratory  in  its 
investigations  of  the  nature  and  character  of  these  fraudulent  foods  and  in 
order  that  the  evil  effects  of  these  can  be  properly  ascertained.  Great  as 
have  been  the  contributions  of  the  Hoard  of  Health  to  the  welfare  of 
tlie  State  in  secm-ing  immunity  from  disease,  freedom  from  plagues  and 
from  contagious  and  epidemic  diseases,  we  look  forward  to  a  still  more 
useful  career  of  this  institution  when  it  is  fully  equipped  for  the  hy^enic 
work  outlined  above.  An  admiral)le  historical  sketch  of  the  Indiana  State 
Board  of  Health  and  a  statement  of  the  benefits  it  has  conferred  upon  our 
people  is  found  in  a  paper  contributed  to  the  Indiana  State  Medical  So- 
ciety by  J.  N.  Hurty,  read  at  the  Lafayette  meeting.  May  G,  1898,  and  pub- 
lished in  the  proceedings  for  that  year.  In  that  paper  Dr.  Hurty  gives 
an  admirable  summary  of  the  progress  of  sanitary  science  in  Indiana. 

The  development  of  medical  education  of  the  State  must  not  be  for- 
gotten when  speaking  of  the  pul)lic  liealth.  I  attended  the  first  lecture  of 
the  Indiana  Medical  College,  given  in  the  Senate  Chamber  of  the  old  State 
House.  Later  I  was  one  of  the  first  students  in  the  laboratory  estab- 
lished by  Dr.  Thaddeus  Stevens,  where  students  really  worked  at  the  desk. 
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Doctor  Stevens  had  a  real  enthusiasm  for  chemical  studies  connected  with 
medicine,  and  I  believe  supported  his  laboratory  chloflj'  from  his  own 
funds. 

You  now  have  in  the  city  at  least  two,  probably  more,  thoroughly 
equipi)ed  schools  of  medicine,  with  commodious  and  well-appointed  lab- 
oratories of  chemistry.  physioloj?y  and  pathology,  and  these  institutions 
are  doing  a  great  work  for  the  public  welfare. 

Intimately  related  with  the  benefits  which  could  be  conferred  upon  the 
State  of  Indiana  l)y  its  Board  of  Health  are  those  of  a  somewhat  similar 
nature  which  have  come  from  the  State  Board  of  Charities.  This  acad- 
emy is  also  honored  in  having  among  its  leading  and  most  industrious 
members  the  Secretary  of  the  State  Board  of  Charities.  It  is  hard  to 
sp(»ak  in  an  unbiased  manner  of  any  of  these  contributions  to  the  State 
liecause  of  my  intimate  personal  ac(iuaintance  with  the  men  who  are  most 
active  in  the  work.  It  is  hard  even  for  scientitic  men,  and  one  who 
has  livt»d  so  long  away  from  the  home  of  his  youth,  to  banish  from  his 
heart  a  very  affectionate  and  praiseworthy  prejudice  in  favor  of  his 
friends.  For  that  reason  it  is  pretty  dirticult  for  me  to  find  faidt  with 
what  such  men  as  H.  A.  Huston.  Stanley  Coulter,  J.  N.  Hurty,  W.  F.  M. 
(Joss,  A.  W.  Butler  et  id  onniv  (/en us  do.  When  I  know  that  they  have 
done  something  I  am  convinced  without  further  investigation  that  that 
Koniething  is  good  for  the  State.  There  are  some  featiu'cs  of  the  work  of 
the  Board  of  Charities  which  perhaps  are  not  fully  comprehended  even  by 
those  who  have  read  its  reports.  Tliey  have  introduced  into  the  study  of 
tlH»  public  charities  of  the  State  a  truly  systematic  method  of  investiga- 
tion. In  their  studies  of  causes  and  effects  they  have  endeavored  to  use 
every  means  of  securing  accuracy.  They  have  striven  to  get  at  the  indi- 
vidual and  family  history  of  every  person  who  is  an  inmate  of  these  insti- 
tutions. The  result.s  of  these  endeavors  have  been  the  collection  and 
ta!)ulation  of  the  most  accurate  and  complete  set  of  sociological  statistics 
in  this  country.  Mr.  Butler  developed  one  phase  of  this  work  in  his  vice- 
presidential  address  before  the  section  of  Anthropology  of  the  American 
Association  for  the  Advancement  of  Science  at  its  Denver  meeting.  In 
this  address  he  took  up  the  study  of  the  heredity  effects  of  feeble-minded- 
ness.  This  study  of  feeble-mindedness  had  been  pronounced  by  competent 
experts  to  be  one  of  the  most  exhaustive  and  thoroughly  scientific  of  any 
that  has  ever  appeared.  Its  excellence  has  been  recognized  across  the 
water  and  it  has  been  reprinted  in  Great  Britain  for  public  distribution. 
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Another  phase  of  this  work  is  the  study  of  the  problems  in  these  records 
which  linve  l»een  scoured  in  order  to  deternuue  those  conditions  which  are 
preventive  of  dependency,  delimiuency  mid  dej;enerncy.  Tlie  chiiritable 
institutions  of  our  State  have  long  l)een  the  admiration  of  the  whole  coun- 
try. The  great  worli  of  the  State  Board  of  Charities  looking  to  the  pre- 
vention of  crime  will  perhaps  bring  more  lasting  benefit  to  our  people  than 
the  institutions  themselves  over  which  this  board  has  control.  The  suc- 
cessful efforts  of  this  board  in  bettering  the  condition  of  our  people  has 
been  seen  especially  in  the  enactment  of  the  Child  Labor  Law,  the  Child 
Saving  Law,  the  l*oor  Relief  Law,  the  Indeterminate  Sentence  and  Parole 
Law.  tlie  Compulsory  Education  Law  and  the  law  for  the  custodial  care 
of  feeble-minded  women.  It  is  evident,  therefore,  tlnit  in  enacting  the 
laws  providing  for  the  State  Board  of  Cliarities  !>y  the  Legislature,  in  188f>, 
Indiana  took  a  great  .step  forward,  both  in  a  scientific  direction  and  also 
from  an  ccon(miic  standpoint.  There  is  no  institution  of  our  State  more 
worthy  of  support  and  encouragement  tlian  the  State  Board  of  Charities, 
ai!d  no  on(%  if  properly  supported,  will  do  more  for  the  lionor  and  welfare 
of  our  people. 

As  a  direct  effect  of  the  establisliment  of  this  Academy  we  may  point 
to  the  law  regarding  the  protection  of  ]»irds  and  game.  Birds  may  l>e 
taken  for  scientific  purpose  s  only  l»y  persons  having  permits  tlu'ough  the 
Indiana  Academy  of  Science.  The  Inrd  law  is  well  supplemented  by  the 
ganii*  law  enacted  l»y  the  last  Legislature.  There  still  remain,  however, 
to  I)e  enacted  some  desirable  featun^s  of  one  of  tlie.M'  laws,  and  that  is, 
tlie  enactment  of  a  provision  for  tlie  taking  of  Hsli.  The  Commissioner  of 
Fisli  and  Came  lias  tlie  oversight  of  fisli  and  game  protection.  but~  it 
miglit  i>e  well  to  have  the  law  changed  so  as  to  have  this  ofticial  in  organic 
connertion  with  tlie  Arademy. 

1  have  already  albnled  to  some  of  tlie  services  of  chemistry  to  the 
State  of  Indiana  in  connection  with  the  development  of  its  gcK)loglcal  re- 
sonrci  s  and  also  in  its  services  to  the  State  Board  of  Health.  The  chief 
\aliie,  liowever,  of  tlie  scienct*  of  cluniistry  to  tiie  State  of  Indiana  has 
I. ecu  ill  its  application  to  our  agricultural  industries.  The  enactment  of  the 
Morrill  Law.  already  reft>rred  to,  in  isr2.  resuitcHl  in  tli;'  establishment  of 
Purdue  riiiverslty,  an  institution  devoted  to  tlie  study  of  agricultural  and 
mechanical  arts  and  military  science.  The  foundation  thus  provided  was 
generously  increased  by  a  gift  of  Mr.  Purdue,  and  witli  the  assistance  of 
iitizens  of  Lafayette,  a  commodious  home  was  secured  for  the  institu- 
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tlon,  and  the  work  based  upon  the  foundations  thus  given  has  been  gen- 
erously sustained  by  the  State  by  annual  appropriations.  The  enactment 
of  tlie  Hatch  Law.  already  mentioned,  alwut  twenty  years  after  the  Mor- 
rill Act,  gave  a  magnificent  impulse  to  agricultural  research.  By  the  terms 
of  the  Hatch  Law  there  were  establishe<l  in  each  State  at  least  one  Agri- 
cultural Experiment  Station  chargtnl  with  the  investigation  of  the  prob- 
lems relating  to  agriculture,  horticulture  and  forestry.  As  a  result  of 
these  generous  endowments  no  other  country  in  the  world  has  a  system 
of  agricultural  research  whicli  can  compare  in  magniticence  of  endow- 
ments, number  of  workers  and  practical  results  obtained,  with  the  agri- 
cultural institutions  of  tliis  country.  Tlie  services  which  have  be€4i  con- 
ferred upon  the  State  by  these  endowments  liave  already  been  pretty  fully 
exploited  in  this  addn»ss. 

But  I  must  l)e  permitte<l  still  to  cail  attention  to  the  fundamenUil  place 
which  one  of  tlie  science.s,  viz..  Chemistry,  holds  in  these  investigations 
relating  to  the  progress  of  agriculture.  Before  the  estal>lishment  of  the 
Agricultural  Experiment  Station  of  Indiana  Mr.  .Tohn  Collett,  State  Geol- 
ogist, as  previously  mentiontHl.  secured  the  enactment  of  a  law  by  the 
I-.egislature  estal)lishing  the  ottice  of  State  C'liemist.  L  as  most  of  you 
know,  had  tiie  honor  of  being  the  first  incumbent  of  that  ottice.  A  pecu- 
liar feature  in  the  history  of  the  enactment  of  this  law  Is  the  way  in 
which  Mr.  Collett  secured  it.  He  <lid  not  consult,  in  so  far  as  I  know, 
any  of  the  othcials  connected  with  Purdue  University.  Tlie  first  intima- 
tion that  I  lijid  of  the  enactment  of  tlie  law  was  a  commission  signed  by 
tlie  (;<»vernor  .scut  i>y  the  Secretary  of  State  npp<>inting  me  to  the  place. 
On  iooking  into  the  law  1  found  that  the  <luties  of  the  State  Chemist  were 
particularly  confined  to  tlie  fertilizer  control,  and  thus  there  was  estab- 
lished in  1SS2  at  rurdue  the  first  lal>oralory  for  the  control  of  fertilizing 
I)roducts  sold  in  the  State.  The  laws  before  this  were  crude  and  power- 
less to  pioltM't  the  farmers  of  our  Stat<»  against  ImrefactHl  frauds.  At  that 
time  any  kind  of  mixture  could  be  sold  as  a  fertilizer  for  a  fancy  price 
and  there  was  no  ofiicial  method  of  detecting  a  fraud  and  no  provision 
for  its  punishment.  I'lidcr  tiie  provisions  (»f  the  law  the  farmer  is  now 
completely  protected  in  the  character  of  the  goods  which  he  buys.  This 
has  been  a  saving  in  hard  cash  to  our  farmers  in  sums  difficult  to  eeti- 
mate,  but  this  is  not  the  most  va]uat)le  result  which  has  been  obtained  by 
the  establishment  of  this  olfice.  In  addition  to  analyzing  the  fertilizers 
offered  for  sale  the  State  Chemist  commenced  a  study  of  their  effects 
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upon  the  crops  to  wiiich  they  were  applied.  This  led  naturally  to  an  ex- 
amination also  of  the  soils  for  the  purpose  of  determining  their  needs  In 
fertilizing  materials.  The  result  of  all  this  is  that  the  farmer  at  the 
present  day  is  enabled  not  only  to  purchase  his  fertilizers  in  a  fair  and 
honest  market  but  also  to  have  them  so  balanced  in  respect  of  the  plant 
food  they  contain  as  to  give  the  most  economic  results  in  the  crops.  If 
the  farmer  of  Indiana  at  the  present  day  adds  phosphoric  acid,  nitrogen 
or  potash  to  the  soil  when  it  Is  not  needed,  he  simply  does  so  because  he 
does  not  take  advantage  of  the  facilities  which  the  State  affords  him  of 
learning  the  true  method  of  fertilizing  his  farm.  Thus  the  contributions 
which  chemistry  has  made  with  the  assistance  of  the  si.ster  science  of 
geology,  and  through  the  medium  of  the  Board  of  Health  to  the  welfare 
of  our  people  have  been  vastly  increased  by  its  solution  of  some  of  the 
agi'icultural  problems  which  confront  us.  With  this  aid  and  the  efforts 
of  agi'icultural  chemistry  the  exliaustion  of  the  virgin  soils  of  our  State, 
which  are  among  the  most  fertile  of  our  country,  has  been  checked,  and 
a  start  has  l>een  made  on  the  up-grade  toward  the  restoration  of  that 
fertility  whicli  our  early  settlers  found.  It  would  have  been  glory  enough 
to  have  checked  the  deterioration  of  our  soils,  but  it  is  an  additional  glory 
to  our  science  when  it  has  commenced  to  build  them  up  again.  We  can 
consistently  look  forward  to  the  near  future  when  fields  and  farms  which 
liave  been  practically  abandoned  by  reason  of  exhausted  fertility  will  be 
again  brought  into  cultivation  and  made  to  produce  abundant  and  profit- 
able crops.  The  investigations  which  chemistry  has  made  have  also 
shown  to  a  large  extent,  how  our  agricultural  crops  could  be  distributed 
with  the  greatest  advantage.  In  this  respect  chemistry  collaborates  with 
her  sister  scien<-e,  botany,  which  study  I  have  already  referred  to.  As 
a  marked  illustration  are  seen  the  investigations  which  have  pointed  out 
tlie  fact  that  the  l)eet  sugar  mdnstry  in  Indiana  could  only  prove  profit- 
able in  its  nortliern  part  and  that  it  would  be  economic  waste  to  try  to 
establish  it.  for  instance,  in  the  southern  third  of  our  State.  Similar 
studies  in  connection  witli  botanical  science  will  aid  in  marking  the  areajs 
most  suitable  for  other  agricultural  crops,  such  as  Indian  corn,  tobac- 
co, etc. 

As  a  final  result  of  all  these  scientific  investigations,  the  farmers  of 
our  Stat?  will  eventually  grow  only  tliose  agricultural  crops  which  are 
best  suited  to  the  environment  and  therefore  most  profitable.  Thus  agri- 
culture will  be  made  more  productive  and  profitable  by  such  specializa- 
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tions  as  render  groat  manufacturing  industries  most  useful.  As  the  skilled 
worker  in  a  j^ieat  manufacturing  establishment  is  placed  at  that  task 
which  he  can  do  best,  so  the  farmer  will  utilize  the  field  for  that  which 
it  can  best  produce. 

These  brief  survey's  of  the  contributions  which  science  has  made  to 
the  industries  of  our  State  would  be  incomplete  without  some  tribute  to 
the  wonderful  work  which  technical  education  has  accomplished.  1  meaji 
by  technical  education,  that  instruction  in  the  mechanic  arts  which  was 
practically  unknown  a  third  of  a  century  ago,  and  which  has  now  ad- 
vanced to  such  a  degree  as  to  place  Indiana  in  the  front  rank  of  states 
in  developing  this  branch  of  applied  science.  We  have  in  this  State  two 
great  centers  of  technical  education,  namely,  the  Mechanical  and  Kngi- 
neering  Laboratories  of  Purdue  University  and  the  Rose  Polytechnic  In- 
stitute. In  addition  to  these,  attention  should  be  called  to  the  splendid 
courses  given  in  manual  training  in  many  of  our  high  schools  and  other 
institutions  of  learning.  The  Hoosier  of  fifty  years  ago  was  the  butt  of 
every  jibe.  His  agri<ultural  skill  was  supi)osed  to  be  confined  to  the 
growth  of  pumpkins,  and  his  mechanical  genius  was  occupied  with  the 
manufacture  of  the  svelt  hoop  iK)le.  but  his  State  is  now  the  home  of  the 
most  famous  poets,  novelists,  statesmen,  engineers  and  scientists. 

My  friends  from  other  institutions  will,  of  course,  pardon  me  if  I 
speak  particularly  of  the  wonderful  work  at  Purdue  developed  first  of  all 
by  Professor  Goss,  wiio  is  now  assisted  by  a  large  corps  of  mechajiical 
and  electrical  engineers.  It  is  evident  from  the  activities  of  Purdue  and 
other  institutions  that  we  are  in  the  progress  of  educating  as  engineers  at 
least  1.000  of  the  sons  of  the  State.  During  the  past  five  years  from  50 
to  100  have  been  graduated  each  year  from  tlie  engineering  classes  of 
Purdue  University,  and  this  great  influx  of  men  has  been  absorbed  by  the 
industries  of  this  and  other  states.  Purdue  has  already  a  thousand  grad- 
uates in  engineering.  Without  stating  in  detail  the  influence  of  this  great 
institution  upon  the  material  prosperity  of  Indiana,  the  fact  that  so  many 
of  its  young  men  have  been  preparcKl  for  this  useful  life  work  is  in  itself 
signi  fleam*. 

The  whole  industrial  activities  of  the  State  of  Indiana  have  derived 
their  life  and  vitality  from  the  instruction  which  I  have  outlined.  It 
would  increase  to  an  undue  size  an  address  of  this  kind  to  go  into  a  minute 
<letail.  This  technical  instruction  of  our  State  is  touching  every  branch 
of  our  industries.    Without  speaking  specifically  of  what  it  may  be  doing 
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for  each  of  the  Industrial  Interests  of  the  State,  we  may  say  that 
wherever  there  are  waterworks  recently  designed,  or  street  railway  lines, 
or  electric  lighting  stations,  or  a  manufacturing  plant  of  any  kind,  and 
in  general,  wherever  the  i)eoi)le  are  enjoying  the  benefits  of  modern  en- 
gineering, mechanics  and  electrical  development,  there  you  will  find  the 
representatives  of  tlie  technical  education  of  which  I  have  spoken.  The 
graduates  of  tliese  teclmical  schools  are  everywhere.  Whatever  progress 
the  State  is  making  in  in<lustrial  lines  they  are  instigating  and  conducting 
it.  They  are  in  charge,  or  assisting  in  the  management,  of  the  great 
manufacturing  plants  of  tiie  State.  They  are  superintendents  of  motive 
powers  and  macliine  shops.  Tliey  are  found  in  smaller  con>orations  In 
charge  of  the  maclilnery  or  of  the  teclmical  processes.  Wherever  indus- 
try is  progressing  and  wliere  manufacturing  Is  growing  and  where  tech- 
nical skill  is  adding  to  the  prosperity  and  welfare  of  the  people,  the  grad- 
uates of  these  technical  scliools  are  found. 

It  is  a  good  old  proverb  that  you  should  judge  the  tree  by  its  fruits. 
In  this  free  land  of  ours  we  judge  a  man  for  what  he  is  and  from  what  he 
does,  and  therefore,  we  are  justified  in  applying  this  same  rule  in  esti- 
mating the  value  of  the  sciences  in  the  material  development  of  our  State 
by  what  they  have  accomplished.  I  have  given  in  merest  outlines  some 
idea  of  tlie  servi<'es  of  science  to  our  industrial  developnif^nt.  Industrial 
development  is  always  Intimately  associated  with  intellectual  advance- 
ment, moral  welfare  and  spiritual  well-lM'ing.  The  first  stone  in  the  founda- 
tion of  a  national  edifice  is  material  prosperity.  No  nation,  no  matter 
liow  perfect  its  ancestry  may  l>e  and  how  lofty  its  purposes,  could  floTirish 
in  a  desert,  or  on  an  iceberg.  The  insistent  demands  of  humanity  are 
for  food  and  clothing  :md  comfort.  lie  who  would  elevate  his  State  must 
begin  by  ministering  to  these  primeval  wants.  It  is  useless  to  try  to 
educate  the  boy  who  is  starving  and  to  preach  religion  to  a  man  wlio 
is  shivering.  The  inventions  which  increase  the  power  of  man  to  do 
things,  along  mechanical  lines,  the  development  of  those  forces  of  nature 
which  give  power  sm-h  as  heat  and  electricity,  the  discovery  of  laws  which 
increase  the  fertility  of  soil  such  as  arc  <lisclost»d  by  chemistry  and  botany, 
the  mastery  of  those  sciences  which  reveal  the  wealth  of  the  earth,  such 
as  geology,  mineralogy,  and  mining,  the  utilization  of  those  sciences  which 
prevent  disease,  such  as  serum  therapy  and  inoculations,  the  application 
of  the  principles  of  biohigy  to  the  common  aflTairs  of  life,  as  in  economic 
entomology  and  zoology,  all  these  underlie  and  sustain  not  only  our  in- 
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dustiial  life  but  ^orm  the  basis  on  which  to  build  our  mngnlficent  systems 
of  education,  morality  and  politics.  As  human  knowledge  advances  the 
realm  of  superstition  and  bigotry  contracts  because  there  can  be  no  super- 
stition where  knowledge  is  and  no  bigotry  where  broad  views  of  things 
exist.  Science  sliows  that  ail  processes  of  nature  are  based  on  immutable 
laws.  Many  of  these  are  known,  others  are  foreshadowed  by  the  brilliant 
conceptions  of  the  scientific  imagination,  while  some  are  still  unknown 
and  liehmg  to  tlie  category  wliich  was  once  regarded  as  supernatural,  but 
which  is  now  relegated  to  tlie  undiscovered.  If  scien<*e  in  its  comparative 
infancy  has  tlius  been  aide  to  make  such  magnificent  contributions  to 
those  elements  which  make  life  worth  living,  wliat  may  we  not  exi>ect  of 
the  future  years,  wlien  the  knowliMlge  which  we  have  to-day  will  seem 
only  as  ignorance  to  our  descendants?  We  judge  science  by  what  It  has 
already  accomplished.  We  know  it  by  its  results.  When  these  wonder- 
ful contrll)utlons  to  liumaii  welfare  shall  have  been  made  in  the  future, 
the  words  of  our  text  will  be  no  less  true:  "Ye  Shall  Know  Them  by 
Their  Fruits." 


T11AXS.MISSIBLE  Diseases  in  Collkcje  Towns. 
Severance  Burraue. 

Tlie  college  town  of  moderate  size  is  unique  in  some  respects,  unique 
in  the  possession  of  certain  opportunities  for  the  contraction  and  dissem- 
ination of  various  diseases.  C^ollege  students,  as  a  class,  are  looked  upon 
as  healthy  to  an  unusual  degree,  and  in  many  respects  this  view  is  a 
correct  one;  and  yet  when  looked  at  from  the  standpoint  of  sanitary 
science,  we  find  them  exposed  to  many  dangers  that  are  oftentimes  over- 
looked.   Many  of  these  dangers  do  not  exist  in  other  communities. 

The  herding  togctlier  of  a  lot  of  men  or  boys  into  unhygienic  quarters 
In  unsanitary  dormitories  is  one  of  the  features  of  the  student's  life  that 
must  be  looked  uiwrn  as  a  danger.  It  is  also  an  added  responsibility  to 
the  college  authorities.  Wiien  the  dormitory  fulfills  all  the  requirements 
of  the  rules  of  hygiene  and  sanitary  science;  and  when  there  are  good 
hospital  facilities  for  students  living  in  the  dormitory  who  may  become 
ill  with  a  contagious  or  an  infectious  disease,  then  the  above  statements 
might  be  somewhat  modified. 
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But  when  the  dormitory  system  does  not  exist,  and  the  students  ai*e 
distributed  about  the  community  in  private  and  fraternity  boarding  houses, 
then  dangers  to  the  students  as  a  mass  are  greatly  reduced,  while  on  the 
other  hand  there  are  dangers  added  to  tlie  community  at  large. 

In  many  of  the  college  towns  as  we  find  them  in  Indiana,  there  is  no 
such  thing  as  a  detention  hospital  or  a  pest-house,  and  under  these  con- 
ditions the  question  arises  as  to  the  disposition  of  the  siclv  student,  and  of 
the  other  occupants  of  the  same  house.  If  the  whole  house  is  quaran- 
tined, as  the  rules  of  the  Board  of  Ilealtli  require,  and  I  believe  rightly 
so,  then  the  inmates  are  or  seem  to  be  needlessly  exposed  to  the  disease 
unless  extraordinary  precautions  be  taken  by  each  one  who  finds  himself 
at  that  time  a  member  of  the  unfortunate  household.  And  under  such 
conditions,  it  is  dilficult  not  to  be  in  sympathy  with  the  Mudent  or  students 
who  break  quarantine  and  go  to  their  homes.  I  am  not  giving  my  sanc- 
tion to  any  such  actions,  however,  unless  every  preventive  measure  be 
taken  before  each  one  departs.  I  refer  to  such  measures  as  vaccination, 
disinfection  of  body,  clothing,  and  any  articles  taken  away  as  baggage. 

Another  feature  that  is  of  vitfil  interest  to  the  student  is  the  matter 
of  procuring  food.  The  usual  method  when  there  Is  no  general  dining 
hall  for  the  students,  is  to  form  clubs,  the  main  feature  of  which  in  most 
cases  is  to  get  the  meals  for  very  little  money.  The  consequence  is  that 
l\v  paying  their  $1.5()  to  $3.00  per  week  the  students  are  fed  three  times 
a  day  on  something.  It  is  possible  that  we  have  here  in  our  college  towns 
some  experiments  on  adulterated  foods  and  improper  dietaries  on  a  larger 
scale  than  our  President  Wiley  is  conducting  at  Washington,  but  we  have 
no  one  to  keep  record  of  them. 

Now  there  are  two  features  about  this  food  that  I  desire  to  call  at- 
tention to: 

First.  Are  not  the  students  who  are  subjected  to  such  diet— I  can  not 
go  into  the  details  of  the  diet  here,— are  not  the  students  who  are  sub- 
jected to  this  diet,  more  prone  to  come  down  with  a  transmissible  disease 
than  those  who  get  a  more  wholesome  diet? 

And  second.  Is  there  not  a  greater  chance  of  coming  in  contact  with 
infected  food  at  tliese  low-priced  boarding  tables?  Certainly  these  two 
factors  working  together,  form  a  feature  of  student  life  that  is  worth  con- 
sideration, as  one  of  the  dangers  existing  in  a  college  community.  To 
emphasize  this  last  point,  I  tnke  this  opportunity  to  describe  a  recent 
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opiiloniic  of  scarlet  fever  among  the  students  at  Purdue  University,  and 
it  is  tliis  tliat  I  consider  tlie  feature  of  tliis  paper. 

About  tlie  first  of  December,  11X12,  it  was  reported  to  tlie  authorities 
of  Purdue  University,  tliat  there  were  a  few  cases  of  suspicious  sickness 
among  the  students.  One  instructor,  also,  was  found  to  be  quite  ill,  and 
during  the  illness  liad  a  well  defined  rasli,  and  later  had  the  characteristic 
"peeling"  of  scarlet  fever.  This  case  was  not  reported  at  tirst  as  being 
scarlet  fever. 

Six  cases  were  confined  in  tlie  hospital  (St.  Elizabetlfs)  and  twenty- 
nine  others,  most  of  Avhich  were  not  Avell  defined  cases,  were  at  large 
among  the  other  students.  Some  few  cases  were  purposely  concealed  by 
students  and  physicians,  so  that  other  students  rooming  in  the  same  houses 
would  not  be  quarantined,  and  thus  lose  time  from  their  classes.  At 
first,  no  common  source  of  infection  could  be  traced,  the  boys  not  eating 
at  the  same  places,  and  in  some  cases  not  even  knowing  the  other  patients. 
The  thirty-five  cases,  it  was  found,  were  fed  at  eleven  different  boarding 
houses  or  clubs,  all  of  which  were  supplied  with  milk  from  the  same 
dairyman. 

Interesting,  too,  in  this  connection  Avas  the  fact  that  the  boy  who 
assisted  in  delivering  the  milk,  came  down  with  a  severe  case  of  "tonsi- 
litis"  at  the  same  time  as  the  students,  and  had  to  give  up  his  work  tem- 
porarily. Five  private  families,  supplied  with  milk  from  this  same  man. 
had  one  or  more  cases  of  genuine  scarlet  fever  among  their  children  at  the 
same  time.  It  is  not  likely  that  the  boy  who  delivered  the  milk  spread 
the  disease,  but  that  he  contracted  it  by  drinking  the  milk  as  did  the 
students. 

An  investigation  of  tlie  dairy,  and  the  dairyman's  family,  did  not  re- 
veal anything  that  c(»uld  have  caused  the  epidemic.  There  was  no  sick- 
ness in  tlie  family,  nor  in  either  of  the  other  tvvo  families  that  supplied 
the  dairyman  with  additional  milk.  The  probable  explanation  of  the 
source  of  infection  lies  in  the  fact  that  last  March  the  dairyman's  family 
ran  through  a  course  of  scarlet  fever,  and  this  being  about  the  time  that 
the  winter  clothing  was  abandoned  for  the  thin  summer  clothing,  that 
winter  clothing  would  again  have  to  be  put  on  but  a  short  time  prior  to 
the  outbreak  among  the  students  at  Purdue.  As  it  is  known  that  the 
scarlet  fever  infection  may  remain  virulent  for  a  considerable  time  in 
clothing,  it  is  not  unlikely  that  it  was  through  this  nieans  that  the  milk 
was  infected.    There  is  one  other  possibility,  viz.,  that  there  might  have 
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been  another  family  supplying  the  dairyman  with  milk  in  addition  to  the 
two  families  tnat  he  named,  and  he  might  have  concealed  this  fact,  know- 
ing there  was  son^e  sickness  there.  In  this  case  the  dairyman  would  be 
far  more  culpa  Me. 

This  is  one  of  the  few  scarlet  fever  ei»idemics  traced  to  infected  milk 
that  have  been  n»ported  in  this  country. 


Sewage  Disposal  at  the  Indiana  State  Reformatory  at 

Plainfield. 

Severance  Burraoe. 

The  problem  which  recently  presented  Itself  to  the  authorities  at  the 
State  Reformatory,  at  Plaintleld.  was  a  pretty  one.  An  appropriation  of 
J?(»,r)<H)  was  available  for   the  purpose  of  securing  a   certain  amount  of 


Olil  Cr.^spool,  .'howing  incth«»«l  of  flisposal  «)f  riowiiRo  prior  to  now  syiftem. 

plumlMiig   in   each   of   the   so-called   "family"   IjulUlings  and   to  install   a 
system  of  sewage  disp(»sal  that  lirst,  would  be  sanitary,  and  second,  would 
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be  of  use  in  fortilizing  and  IrriKatlnjj:  tlio  fields  on  which  crops  are  raised. 
Until  the  present  year  tho  sewajre  from  tlie  lar^e  oiit-bullding  had  been 
carried  in  a  southeasterly  direction  to  an  open  settling?  tank  or  cesspool, 
situated  on  tlie  edge  of  the  river  bottoms.  This  cesspool  in  the  summer 
time  l)ecame  a  mass  of  fermenting  filth.  ol)noxious  and  unhenlthful.  More- 
over, it  could  not  be  utilized  in  any  Avay.  Now,  witli  the  introduction  of 
plumbing  into  many  of  the  buildings  there  would  arise  an  appreciable 


Site  of  Septic  Tank  north  of  the  grounds,  looking  toward  field  to  be  irrigated  and  fertilised 
by  the  effluent  from  the  tank. 


increase  in  the  amount  of  sewage  and  it  would  be  out  of  the  question  to 
continue  the  old  metluMl  of  disposal.  TTp  to  this  time  practically  all  of  the 
sewage  came  from  one  large  imt-imilding,  which  was  nothing  but  a  com- 
bination of  closets  and  urinals,  and  while  this  made  a  considerable  amount 
(»f  sewage,  both  solid  and  liquid,  there  would  \ye  a  considerable  increase 
with  the  introduction  of  phmibing  into  all  of  the  •*family"  buildings.  This 
plumbing,  including  water-closets,  wash-basins,  and  perhaps  an  occasional 
bath-tid). 
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There  were  two  possible  methods  of  sewajj^e  disposal  that  could  be 
considered  as  practical  in  tills  instance,  one  bein^  the  system  called 
"irrigation,"  Avhich  simply  depends  upon  the  distribution  of  the  sewage 
directly  on  the  fields  (in  this  case  on  the  river  bottoms)  that  are  being 
cultivated,  and  the  other  method  was  the  septic  tanlv  system.  After  a 
very  careful  consideration  of  all  the  conditions,  it  was  finally  concluded 
to  adopt  a  system  which  was  a  combination  of  both  the  septic  tank  and 
irrigation.    This  conclusion  was  arrived  at  because,  should  the  raw  sewage 


Site  ofthe  Septic  Tnnk  north  of  grounds,  ns  seen  from  main  drive. 

be  thrown  directly  upon  the  fields  in  question  It  was  feared  by  some  that 
the  odor  from  this  raw  sewajje  would  be  ofTeiisive,  If  not  unhealthful,  at 
certain  times,  and  in  view  of  the  fact  that  these  fields  were  adjacent  to 
the  main  drive  to  the  Reformatory,  should  any  obnoxious  odors  arise, 
they  would  be  noticed  by  everyl)ody,  and  might  be  the  cause  for  critical 
comment.  In  all  probal)lllty  theic  would  not  have  been  sufficient  sewage 
at  any  one  time  to  cause  anytliing  tliat  would  be  calleil  a  nuisance  in  the 
nuinner  just  described,  but  It  was  thought  better  to  err  on  the  side  of 
safety,  and  consequently  the  present  plan  Includes  a  septic  tank  in  which 
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the  sewage  receives  preliminary  treatment  before  being  distributed  on 
the  fields. 

A  casual  survey  of  tlie  Reformatory  grounds  showed  at  once  that  the 
lay  of  tlie  land  was  so  favor{il)ly  arranged  that  tlie  sewage  could  be  col- 
lected and  distril)nted  i)y  gravity.  At  no  point  Avould  there  need  be  any 
pumping:  and  y(»t  wlion  it  cnnie  to  malvc  an  accurate  survey,  including 
the  levels,  it  was  found  that  there  were  a  nunil>er  of  quite  ditficult  points 
to  settle  as  to  the  best  lines  for  the  sewers  to  talie  in  order  to  collect  the 


Field  to  be  irridrnted  and  fertilized  i)y  effluent  from  Septic  Tank,  as  seen  from  main  drive. 

material  from  all  the  family  buildings,  and  it  was  finally  thought  ad- 
visable to  ma  lie  two  main  lines  of  sewers,  one  leading  to  the  fields  north- 
east of  the  Keformatory.  and  the  other  following  in  general  the  line  of 
the  old  sewer  from  the  out-building  in  a  southeasterly  direction.  Each 
one  of  these  sewers  ends  in  a  septic  tank  in  whicli  tlie  sewage  undergoes 
a  certain  fermentation,  and  only  tlie  clear,  or  comparatively  clear  effluent 
passes  out  of  the  septic  tank  as  an  inoffensive  liquid,  very  useful  in  Irri- 
gating the  fields.  Of  course,  this  eflluent  from  the  septic  tank  is  not  as 
rich  in  fertilizing  properties  as  the  raw  sewage  would  be.  but  it  is  free 
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from  any  of  the  objections  which  might  arise  should  the  raw  sewage  be 
distributed  upou  the  fields.  The  main  problem  in  connection  with  tlie 
designing  of  the  sewage  disposal  plant,  furnished  the  material  for  the 
graduation  tliesis  of  two  students  of  Purdue  University,  Messrs.  Beuhler 
and  Armstrong,   who  graduated  in   11)02,     Their  thesis   work  was  doue 


Affjir  I'latc,  8h()\viog  colonics  of  btacteria  in  1-500  cu.  ccntiinetcr  of  sowiigc  as  entering  Septic 

Tank. 


under  the  direction  of  Mr.  C.  V.  Seastone  of  tlie  Civil  Engineering  De- 
partment of  the  T^niversity,  and  the  writer.  The  lines  for  the  sewers 
were  laid  i)y  another  student  of  the  University,  Mr.  Alva  Baynes,  who 
spent  a  large  part  of  his  summer  vacation  on  the  grounds.  When  it  came 
to  actually  do  the  worlv  it  was  found  advisable,  for  one  reason  and  another, 
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to  depart  somewhat  from  the  lines  as  designed  by  the  gentlemen  men- 
tioned al)Ove  in  their  thesis  work,  and  it  was  also  found  advisable  to 
depart  somewhat  from  certain  points  in  the  specifications  as  set  down  by 
these  same  gentlemen.  For  example,  the  original  thesis  design  called  for 
but  one  main  sewer  collecting  the  material  from  all  the  family  buildings 


Agar  Plate,  showing  colonies  of  b.ictoria  in  1-500  cu.  centimeter  of  effluent  from  Septic  Tank. 

and  the  liospital.  etc.,  leading  in  a  northeasterly  direction  toward  the  so- 
called  garden,  l)Ut  the  system  as  now  existing  includes  the  two  main 
sewer  lines  as  described  above,  one  leading  in  a  northeasterly  direction, 
and  the  other  in  a  southeasterly  direction,  and  each  ending  in  a  septic 
tauk. 
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All  of  the  work  of  laying  the  pipes  and  biilldinp  the  septic  tanks,  etc.. 
was  done  by  the  boys  of  the  Reformatory,  and  thus  the  expense  of  the 
whole  system  was  very  much  smaller  than  it  would  ordinarily  be.  The 
trenches  for  the  pipes  vary  in  depth  from  two  to  seventeen  feet,  and  at 
many  points  considerable  difficulty  was  encountered  by  running  across 
springs  or  currents  of  underground  water,  which  interfered  very  mate- 
rially' with  the  progress  of  tlie  work.  At  the  time  of  writing  the  paper, 
the  sewer  and  septic  tanks  were  all  ready  for  reception  of  the  material. 
The  plumbing,  hoAvever,  has  not  yet  been  completed,  but  as  soon  as  this 
is  done  the  sewage  can  lie  turned  into  the  pipes  and  the  result  of  the 
method  of  disposal  installed  will  lie  watched  with  much  interest.  It  is 
practically  the  first  experiment  of  this  kind  attempted  by  any  institution 
in  this  State;  and  if  successful,  and  there  is  no  reason  why  it  should  not 
Ik?,  it  should  serve  as  a  type  or  an  example  for  many  of  the  State  institu- 
tions, and  even  for  many  of  the  smaller  towns  of  the  State. 


Some  Recent  Mound  Investigations  in  Jefferson  County, 

Indiana. 

Glenn  Culbertson. 

During  the  summer  of  11M)2,  through  the  interest,  and  under  the  direc- 
tion, of  Miss  D.  L.  Cravens,  of  M.ulison.  Indiana,  several  mounds  located 
in  Jefferson  County  were  examined,  and  two  Avere  explored.  The  writer 
was  asked  to  assist  in  the  investigation. 

The  purpose  of  this  paper  is,  in  part,  to  give  a  record  of  the  contents 
of  the  mounds  opened,  and  in  part  to  call  attention  to  the  fact  that,  in 
many  parts  of  our  State,  and  espr<ially  along  the  Ohio  River  and  its 
larger  tributaries,  there  are  mounds  and  other  evidences  of  the  existence 
of  a  prehistoric  peoi)le  of  wliich  no  record  has  been  made,  and  which 
should  be  of  great  interest  to  science.  Many  of  the  mounds  have  been 
opened  by  curiosity  or  treasure  seekers,  or  destroyed  by  cultivation,  and 
the  contents  scattered  or  lost,  and  no  record  has  been,  or  can  l)e  made. 

As  an  example  of  the  ruthless  destruction  of  valuable  anthropological 
material,  a  case  may  be  cited  of  a  Jefferson  County  farmer,  who,  in  grad- 
ing a  plot  of  gi'ound  for  building  purposes,  ploughed  up  at  least  twenty 
skeletons,  many  of  which  were  said  to  be  in  a  fair  state  of  preservation. 


63 

Some  of  the  bones  were  cjirried  off  by  neighbors,  others  Averc  scattered 
about  and  no  record  whatever  preserved.  This  occurred  some  six  or  seven 
years  ago,  and  similar  cases  probably  occur  every  year  in  different  parts 
of  the  State. 

The  lirst  mound  opened  in  Jefferson  County,  in  1902,  is  known  locally 
as  the  **Lawson  Mound."  It  is  situated  in  Milton  Township,  T.  4,  R.  11, 
Section  14.  one  mile  east  of  Manville,  on  the  narrow  ridge  between  Brushy 
Fork  and  Indian  Kentucky  creeks,  and  approximately  300  feet  above 
the  level  of  the  latter  stream.  The  mound  has  been,  until  recently,  cov- 
ered with  forest  or  underbrush  gi-owth,  and  is  well  preserved.  It  is  es- 
sentially circular,  sixty-five  feet  in  diameter,  and  approximately  nine  feet 
high.  The  materials  of  which  the  mound  was  made  are  of  local  origin, 
and  are  made  up  of  tlu?  ordinary  .surface  soil  of  the  vicinity.  They  include 
a  few  limestones,  burnt  and  unburnt,  and  a  few  pebbles  and  pieces  of 
chert.  A  thorough  investigation  of  the  contents  of  the  mound  could  not 
be  made,  since  tlie  central  portion  was  i)reoccuiffi>d  bj'  graves  of  the 
former  owncM-s  of  the  in-operty.  When  thes(>  graves  were  dug  a  skeleton 
was  found  some  tlu*ee  feet  below  liie  surface  of  tlie  mound.  Along  with 
the  human  bones  nim*  arrow  lieads.  placed  in  a  circle,  and  a  stone  ax 
were  found  so  situated  as  to  lead  to  tlie  opinion  that  they  had  been  placed 
on  the  breast  of  tiie  buried  l)ody.  Tht»se  articles  were  not  preserved, 
according  to  Mr.  Krank  Wolf,  wlio  was  present  when  the  graves  were 
dug  and  whose  statements  1  liave  recorded  above. 

The  excavation  of  this  mound  consisted  in  opening  a  ditch  four  feet 
wide  and  to  the  depth  of  the  original  soil,  from  the  east  side  toward  the 
center,  and  surface  excavations  to  the  depth  of  three  feet  on  the  north, 
west  and  .south  of  the  graves  mentioned.  At  a  jmint  some  five  feet  east 
of  the  center  of  the  mound,  and  three  feet  below  the  surface,  an  unglazed 
earthenware  vessel  of  approximately  one  and  one-half  gallons  capacity 
was  foimd.  In  shape,  this  vessel  was  similar  to  the  ordinary  Chinese 
rice  pot,  and  was  without  markings  of  any  kind.  It  contained  two  mussel 
shells,  such  as  could  be  obtained  from  the  surrounding  streams.  The 
vessel  was  cracked  and  had  probably  seen  considerable  service  before 
being  placed  in  the  mound,  as  the  lower  portion  showed  the  reddening 
influence  of  the  tire. 

Within  a  foot  or  fifteen  inches  of  the  earthenware  vessel,  and  to  the 
east,  there  were  obtaineil  the  fragments  of  a  skull  and  the  larger  bones 
of  the  arms  and  lower  extremities,  and  one  rib.    All  were  greatly  de- 
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cayod.  The  position  of  the  bones  iiiijrht  indicate  burial  of  the  body  OD 
its  side  Avith  arms  and  lej;s  folded  tojirether,  but  this  could  not  be  decided 
definitely.  The  skull  was  so  badly  decayed  that  no  definite  idea  of  its 
shai)e  could  1)0  obtained.  The  bones  were  those  of  a  medium-sized  poi'son. 
On  the  west  side  of  the  mound,  in  line  with  the  two  skeletons  already 
mentioned,  and  at  about  the  same  depth  as  the  others,  another  deposit 
of  human  bones  was  obtained.  This  deposit  consisted  of  a  skull  and  the 
larger  bones  of  the  upper  and  lower  extremities.  These  were  also  gr^Jitly 
decayed.  The  position  of  these  bones  precludes  the  idea  of  their  beliif? 
the  result  of  an  ordinary  burial.  The  long  bones  had  the  appearance  of 
having  be(»n  piled  in,  very  much  ms  a  bundle  of  sticks  or  stove  wood 
would  be  placed.  Tin*  skull  Avas  placed  dire<*tly  on  top  of  the  other  lionos. 
These  bones  were  thos(»  of  one  liody  of  large  l)Ut  not  unusual  stature.  The 
relics  obtained  from  this  mound  are  at  present  in  the  IlMUover  Collejje 
Museum. 

The  reputed  "Indian  Mound"  in  the  village  of  Lancaster,  in  Laiici»ster 
Township,  T.  r».  U.  !).  Section  XI,  was  next  examined.  It  was  found  to 
give  every  evidence  of  l)eing  a  natural  formation.  The  so-called  ^'Indian 
Mound*'  (Ui  the  Wainscott  T*lace.  near  Middle  Fork  Station  on  the  P.  C. 
('.  &  St.  L.  U.  U..  was  also  closely  examined.  Evidence  of  its  luim:ni 
origin,  however,  was  entirely  wanting.  This  ])eculiar  mound  is,  in  all 
prol)alnllty.  tlic  result  of  stn  am  erosion. 

A  mound  situated  on  the  .second  bottom  of  the  Ohio  River,  a  short 
distance  IjcIow  Hnnover  L-mding.  in  Hanover  Township,  T.  8.  H.  Ifi, 
Section  18,  Avas  next  excavated.  This  mound  had  been  explored  in  part 
by  Messrs.  (I.  S.  Taylor  and  W.  \V.  Walker,  some  fifteen  years  ago. 
As  reported  by  Mr.  (i.  S.  Taylor,  now  Superintendent  of  Schools  of  JeflPer- 
son  County,  this  mound  was  then  some  twelve  or  fourteen  feet  high  and 
of  conical  shape.  At  a  depth  of  about  three  feet  from  the  original  top  of 
the  mound  these  gentlemen  found  five  copper  beads  from  one-half  inch 
to  three-<iuarter  in<'h  in  diameter  and  of  rough  finish,  arranged  in  a  circle, 
as  though  originally  forming  a  necklace.  A  considerable  quantity  of  char- 
coal and  aslies  was  also  f<mnd,  but  no  human  bones. 

Last  July  a  trench  eight  feet  wide  was  opened  through  the  mound 
from  east  to  west,  and  extending  to  the  depth  of  the  mound.  All  the 
ex<'avated  material  was  closely  searched.  At  a  point  approximately  three 
feet  above  tlie  bottom  of  the  mound  two  stones,  each  about  15x7x1% 
inches,  were  found  in  an  erect  position  and  about  four  feet  apart.    Two 
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and  a  half  feet  to  one  side  of  these  stones  a  copper  bead  one-half  inch  In 
diameter  and  thieldy  encrusted  with  tlie  green  carbonate  of  copper  was 
found.  No  bones  were  found  at  this  level.  On  the  original  soil,  at  the 
bottom  of  the  mound,  a  large  quantity  of  charcoal  and  ashes,  and  one  or 
two  bone  fragments,  probably  non-human,  were  obtained.  With  these 
there  were  fragments  of  burnt  limestone.  The  failure  to  find  human 
bones  in  this  mound  may  be  due  to  its  great  age,  or  it  may  be  accounted 
for  by  the  partial  destruction  of  the  mound  by  cultivation,  since  such 
material  may  have  been  ploughed  out  and  no  record  made  of  the  fact. 


The  AVater  Supply  of  ILwana,  Cuba. 
C.  H.  Ekjenmaxn. 

Until  recent  years  the  water  supply  of  Havana  came  from  the  Almen- 
dares  River.  During  the  nineties  the  present  waterworks,  deriving  the 
entire  supply  from  a  large  spring  at  Vento,  on  the  south  banlv  of  the 
Almendares  River,  was  completed.  The  Vento  Springs  and  the  covered 
aqueduct  leading  its  waters  under  the  Almendares  River  and  into  Havana 
are  the  pride  of  the  city  of  Havana,  which  lias  erected  an  imposing  monu- 
ment to  the  engineer  by  whom  the  work  was  conceived.  The  Vento 
Springs  are  surrounded  by  masonry  with  walls  sloping  outward  from  the 
springs,  except  on  the  side  nearest  the  Almendftres  River,  where  they  are 
vertical.  The  surface  water  running  down  the  slopes  of  the  masonry  are 
caught  in  a  gutter  which  discharges  it  into  the  Almendares.  At  the  top 
of  the  masonry,  and  some  distance  removed  from  its  margin,  another 
gutter  catches  the  surface  water  of  the  region  sloping  toward  the  springs, 
and  discharges  this  also  into  the  Almendares.  The  spring  water  flows 
direct  from  the  basin  into  the  covered  aqueduct.  Tlie  provisions  for 
maintaining  the  water  in  its  original  purity  from  the  time  it  issues  from 
the  ground  till  it  is  discharged  either  into  the  reservoirs  near  the  city,  or 
direct  from  the  faucets  in  the  city,  seem  ideal. 

There  has  been  some  speculation  as  to  the  origin  of  the  water  issuing 
from  the  spring  at  Vento.  The  water  is  beautifully  clear  and  ratlier 
warm,  having  a  temperature  of  2li°C.  at  the  time  of  our  visit.  The  Almen- 
dares River,  flowing  but  a  few  feet  away,  also  has  clear  water  except 
after  heavy  rains,  and  its  water  at  the  time  of  our  visit  was  slightly  colder 
than  that  of  the  springs.     It  is  possible  that  the  Vento  Springs  derive 

5— Academy  of  Soienee. 
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their  Avnter  from  the  upper  courses  of  the  Almendares,  though  this  Is  so 
highly  iuiprol)}il>le  that  tlie  su^^'estion  may  l)e  left  out  of  consideration. 
The  springs  lieing  situated  on  tlie  south  side  of  the  lower  course  of  the 
Almendares  the  region  across  the  river— that  is  the  region  north  of  the 
river— may  be  excluded  as  a  possible  contributing  source  of  the  supply  of 
the  Vento  Springs.  The  region  about  the  springs  is  composed  of  corral- 
line  rock.  In  such  porous  material  conditions  under  which  territory  on 
one  side  of  a  river  may  contribute  to  springs  located  on  the  opposite  side 
of  a  river  are  impossible. 

The  most  probable  origin  of  the  Vento  water  supply  can  best  be 
understood  after  a  general  statement  of  the  conditions  of  the  surrounding 
region. 

The  southern  slope  of  the  provinces  Guana jai,  Havana  and  Matnnzas 
is  largely  drained  by  unchM'ground  streams.  The  streams  arising  in  the 
hills  and  mountains,  forming  the  watershed  between  north  and  south 
drainage,  run  aliove  ground  for  a  distance  and  then  disappear  under- 
ground. The  Ariguanalu)  Uiver  thus  runs  into  a  bank  at  SiUi  Antonio  de 
ios  Hanos  and  disappears  among  fallen  rocks.  A  few  yards  away  from 
its  '*sumidero"  the  water  can  be  seen  running  in  its  underground  channel 
thnmgh  an  oi)ening  in  the  thin  roof  of  the  channel.  A  few  yards  further 
on  a  dry  cave  leads  down  to  the  water,  which,  at  the  end  of  the  dry  cave 
disappears  among  fallen  rocks.  Other  rivers  disappear  in  a  similar  man- 
ner. They  can  not  ])e  followed  in  their  underground  courses  because  they 
lompletely  fill  them.  The  underground  waters  and  the  channels  in  which 
they  run  can,  lunvever,  l)e  reached  in  places  through  sink-holes.  The 
streams  reappear,  in  i)art.  at  least,  in  a  number  of  "ojos  de  agua,"  some 
near  the  coast  south  of  San  Antonio.  The  region  drained  by  underground 
streams  Is  comparatively  flat  with  frecpiently  no  indications  of  surface 
streams  and  their  erosion,  and  extends  westward  to  near  San  Cristobal, 
where  the  first  perman<Mit  surface  stream  is  observ(Mi.  At  Artimisa  and 
Candalaria  stream  IhhIs  contained  pools  of  water  at  the  time  of  my  visit. 

From  San  Cristobal  to  Pihar  del  Hio  there  are  many  small  perennial 
streams.  Eastward  from  San  Cristobal  the  cave  region  has  an  unknown 
extent.  Poey  limited  it  to  the  jurisdiction  of  CJuanajay.  but  it  certainly 
extends  as  far  east  as  the  meridian  of  Matanzas,  and  from  reports  proln 
ably  beyond  Cienfnegos.  Kast  of  Uincon  there  are,  hoAvever,  frequent 
river  beds,  all  but  one  of  whidi  were  dry  during  the  time  of  our  visit. 
This  main  cave  region   belonging  to  the  southern  slope  sends  a  tongue 
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northward  from  Rincoii  to  Vonto  on  the  Alnionduros  River  hi  the  northern 
watershed.  Aside  from  tlie  "ojos  de  agua"  along  the  edge  of  the  cienegas 
skirting  the  soutliern  coast  tliere  are  tAvo  notal)le  places  where  under- 
gronnd  rivers  find  an  exit.  Tlie  one  at  Vento,  as  already  mentioned,  sup- 
plies the  entire  city  of  Havana  with  its  water,  the  other  serves  to  make 
the  region  aljoiit  Gnines  a  garden,  its  waters  being  used  for  irrigation. 
Other  sul»terranean  rivers  in  all  prol>ai)llity  have  a  sub-nqueous  exit  to 
the  south. 

The  large  spring  at  Vento  is  the  only  one  on  the  northern  slope  as  far 
as  I  know.  The  origin  of  the  supi>ly  Issuing  from  the  Vento  Spring  has 
not  been  tra<!ed.  Hut  the  region  north  of  the  Almendares  River,  being 
shut  out  from  a  possil)le  contributing  source,  it  undoubtedly  derives  Its 
water  from  the  tongue  of  the  system  of  underground  streams  thrust  into 
the  northern  slope.  An  examination  of  the  best  available  map  and  the 
levels  of  the  Western  and  United  Havana  Railroads  make  it  seem  quite 
certain  that  the  Vento  Springs  derive  their  water  from  the  region  imme- 
diately south  of  Vento  and  north  of  Riucon  and  Bejucal.  This  region 
contains  various  sinks,  without  surface  outlets,  as  well  as  dry  sink-holes. 
A  notable  sink-hole  in  this  region  is  that  at  Aquada  on  the  United  Havana 
Railroad.  This  is  very  broad,  sliallow  and  dry  during  the  dry  season,  but 
the  water  rises  to  stand  over  ten  feet  deep  on  the  railroad  track  during 
some  of  the  wet  seasons.  All  of  these  probably  drain  Into  the  Vento 
Spring. 

It  behooves  the  healtli  authorities  of  the  city  of  Havana  to  exer- 
cise the  strictest  guard  over  the  region  between  Vento  on  the  north  and 
Rincon  and  Rejucal  on  the  south.  Any  contamination  of  sink-holes  in 
these  regions  is  sure,  during  the  wet  season  at  least,  to  contaminate  the 
underground  streams  leading  to  Vento.  An  examination  of  the  under- 
ground channels  in  the  Ixwt  River  region  of  Indiana  has  shown  the  main 
underground  ciiaimels  to  be  provided  with  numerous  smaller  tributary 
channels  which  in  ordinary  weather  do  not  carry  water  but  which  do 
carry  water  into  the  main  stream  after  a  long  rain.  At  such  a  time  any 
filth  that  may  have  accumulated  in  any  of  the  sink-holes  over  one  of  the 
tributary  streams  is  sure  to  find  its  way  into  the  main  stream.  The  same 
is  very  prolwbly  true  of  the  Vento  supply,  although  on  account  of  the 
natm*e  of  the  region  it  is  not  possible  to  follow  the  underground  channels. 
At  present  some  of  the  sink-holes  between  Rincon  and  Vento  are  used  «8 
cesspools  and  receivers  of  sewage. 
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Naezhosii;  or,  Tue  Apache  Pole  Game. 
Albert  B.  Reagan. 

[Abstract.    Ori^innl  in  possession  of  Bureau  of  American  Ethnology.    IIlustratioDS  used 
by  i>ermi:?sion  of  Bureau.] 

Naezhosli  is  the  Aimthe  tribal  game.  It  is  played  most  evei-y  day 
from  early  morning  till  late  in  the  afternoon  by  the  men;  in  fact  they  do 
but  little  else,  except  hunt  horses  in  the  hills  and  drink  Indian  whiskey. 
This  game  is  sometimes  played  to  pass  time;  but  most  always  for  gain. 
The  Indians  often  bet  all  they  have  on  its  outcome,  and  then  having 
suffered  reverses,  they  brood  over  their  losses  in  sullen  silence.  Below 
is  a  description  of  the  game;  and  the  reC|ulsites— the  pole-stick,  the  pole- 
hoop,  and  the  i)ole-ground: 


ifirmtlf'. 


Fig.  2. 


Fig.  1. 

DiACiBAM  OF  Folk  Sticks  and  Polk  Hoop. 
Fig.  1.    Pole  Stick.     The  grooves  b.  c.  d,^,  h;  th« 

spaces  o,  f,  i,  and  the  point  a  are  points  used  in 

the  game. 
Fig.  2.    The  Pole  Hoop,  etc.    The  spaces  1-i  and 

6-11  and  the  gr  ove5are  the  points  on  the  hoop 

used  in  the  game. 


The  Pole-Stick.—The  pole-stick  is  a  willow  pole  one  and  one-half 
inches  in  diameter  at  the  larger  end.  It  tapers  to  a  point  at  its  smaller 
end.  Its  length  is  about  fifteen  feet.  It  is  made  in  three  sections,  the 
sections  being  spliced  together  with  sinew.  The  larger  end  of  this  i)ole 
is  called  the  counting  end.  On  it  are  several  transverse  grooves.  These 
grooves  together  with  some  of  the  Intervening  spaces  are  the  points  on 
the  pole  used  in  the  game. 

Tlie  I'ole-hooi).— The  pole-hoop  Is  about  a  foot  in  diameter.  It  is  made 
of  a  willow  withe.,  the  ends  of  which  are  tied  together  with  sinew.  A 
buckskin  cord  forms  a  diameter  to  it.  On  this  cord  are  strung  one  hun- 
dred and  one  l)eads,  one  large  center  bead  and  fifty  smaller  ones  on  each 
side  of  it.  Those  beads  are  counts  used  in  the  game.  In  addition  to  the 
bead  counts,  the  hoop  rim  has  several  counts  on  it.  They  are  its  trans- 
verse grooves,  together  with  certain  intervening  spaces. 
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The  Polc-gi'ound.— The  pole-ground  Is  a  leveled  spot  thirty-six  yards 
in  length,  by  six  yards  in  width,  laid  off  In  a  north  and  south  direction. 
At  Its  center  is  the  base,  usually  a  rock,  from  which  the  pole-hoop  is 
rolled  and  the  poles,  two  In  number,  are  hurled.  Nine  yards  both  to  the 
north  and  also  to  the  south  of  this  base,  are  three  hay  ridges,  the 
center  ridge  being  on  the  north  and  south  center  line  of  the  pole-ground. 
These  ridges  are  three  yards  long  and  the  distance  from  the  outer  edge 
of  the  east  ridge  to  the  outer  edge  of  the  west  ridge  is  five  feet.  The 
fuiTows  between  the  ridges  are  narrow.  It  is  into  one  of  these  furrows 
that  the  hoop  rolls,  under  which  the  poles  are  slid  before  the  points  are 
counted. 

Rolling  the  Pool-hoop.— In  rolling  the  pole-hoop  it  is  held  with  rim 
vertical  between  thumb  and  second  linger  of  the  right  hand,  it  resting  on 
the  extended  front  finger  over  which  it  rolls  when  sent  on  its  mission  of 
chance.  If  the  hoop,  when  rolled,  fails  to  enter  either  of  the  furrows,  a 
break  in  the  game  is  declared,  and  It  is  brought  back  and  rolled  again. 
On  entering  one  of  the  furrows,  the  loose  hay  retards  its  speed,  and  Tt 
soon  falls,  to  be  slid  under  by  the  well  guided  poles.  The  hoop  is  always 
rolled  twice  to  the  south  and  once  to  the  north,  and  so  on  for  hours,  till 
the  game  Is  finished. 

Hurling  the  Pole-stick.— The  pole-stick,  when  being  hurled,  is  held  so 
as  to  slide  through  the  left  hand.  The  propelling,  power  Is  the  right  hand, 
the  index  finger  being  placed  against  the  rear  end.  The  pole  being  dex- 
teriously  hurled,  slides  into  the  furrow,  and  stops  with  the  larger  end 
beneath  the  hoop.    The  counting  then  begins. 

Counting  the  Points.— All  points  on  each  pole  that  fall  on  or  within  the 
rim  of  the  hoop  are  counted  as  are  also  all  points  on  the  hoop-rim,  and 
all  the  beads  on  the  transverse  cord  which  fall  within  the  edges  of  either 
pole.  The  points  being  counted,  the  players  again  proceed  to  the  base 
and  play  again  as  before.  This  playing  is  continued  for  hours  till  one  of 
the  contestants  gets  the  number  of  points  agreed  upon  by  the  players  to 
constitute  a  game.  A  transfer  of  the  staked  property  follows.  Then  the 
betting  begins  for  a  new  game. 


10 


Tho  pole  ficUl. 


^taitiim  tlio  p()]o  h«op.    The  begiiininic  of 
the  Kanic. 


ilurliiiK  thi-  )>oIe>. 


Hurling  the  i)ulef>. 


Tlio  pclc-  f-pecdinjr  rni  tlielr  wjiy. 


The  hoop  rolls  wide  of  the  counting  field.  A 
break  in  the  same. 
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Hoop  and  pi»lcs  riitoriiiif  tin-  •••mntinL' fu'lil. 


IliHili  :iiid  poli-s  litter  motion  han  reascd. 
Tht.'  hoDp  i.vi'rli»r  tlu;  muntifig  »«nds  of  the 
[Mih's.    The  ••"iiiiiiiiisr  imw  hetrin^^. 


Conntinff  the  puints  in  tliu  puli-  jrJinu'.  I'i'-kin?  up  the  poll's  in  the  coiintinB  field. 


KeturniuK  to  the  base. 


The  frame  hegins  imcfr. 
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Geodesic  Lines  on  the  Syntracirix  of  t{EvoLutioN. 

E.  L.  Hancock. 

Tlie  syntractriz  is  defined  as  a  curve  formed  by  taking  a  constant 
length,  d  upon  the  tangent  c  to  tlie  tractrix*.  The  surface  formed  by  re- 
volving this  curve  about  its  asymptote  is  the  one  under  consideration.  We 
shall  call  it  S. 

Being  a  surface  of  revolution  it  is  represented  by  the  equations 
x=u  cos  V 
y=u  sin  v 

2  — —  K  d2— u2-f  ^log^ ^ 

2     *d  — |/d«  — u2 

Using  the  Gaussian  notationf  we  find : 

^^u.(d.-2cd)  +  cM»^  ^  O^^,^  A  =  --;^,ncosv.B  =  - 

u*(d*  —  u*)  ^Kd*  —  u' 

^1!^:^^- u  sin V  C:=u,  D=  ?!ldiz:M)±^^  ^ 

u/d«  — u2  u(d2  — u2)|  l/d*— u* 

1 DD^^— D^>  _  (u^  — cd)[u2(d  — 2c)  +cd«] 

^  — R1R2—   EG  — F2    —    (d«  — u2)[u«(d  — 2c)-hc«d 

In  tlie  particular  surface  given  by  d  =  2c  the  Gaussian  curvature  be- 
comes 


2(u.-f) 


d2— u« 

Here  d  is  positive,  and  since  d  >  u,  the  denominator  is  always  positive. 

We  get  the  character  of  the  curvature  of  different  parts  of  the  surface  by 

considering  the  numerator.     Wlien  u*=r  d2/2,  K  =  0,  i.  e.,  the  circle  n  =  d/2 

d 
-T-p  is  made  up  of  points  having  zero-curvature.     Wlien  u*  >  d*/2,  K  >  O, 

and  wlien  u*  <  d2/2,  K  v<  O. 
For  this  particular  surface 

H4  2u2  — d» 

E  = ,  F  =  o,  G  =  u«,  A  =  —  ,^-^  .  u  cos  V,  B  =  — 

^=^usinvC  =  o,  D=——^- — --,  D^  =  o,  V ^ 


2u/a^--^2"«"'^--"»^-2^(drir^)3'-  --»-    -2|/da_u« 

To  get  tlie  geodesic  lines  of  tlie  surface  we  make  use  of  the  method  of 

the  calculus  of  variations  according  Weierstrass^.     This  requires  that  we 

minimize  the  integral : 

*  Peacock,  p.  175. 

t  Bianchi,  DiflFercntial  Geometric,  pp.  61,  87, 106. 

g  Osgood,  Annals  of  Mathematics,  Vol.  II  (1901),  p.  105. 
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t=/*:/E 


du»  4-  2F  du  dv  -I-  C>  dv*  .dt 


Denote  v^E  u'»  +  2  F  u^  v'  +  G  v^"  by  F.     Then  tlie  first  condition  for 
a  minimum  of  I  is  Fv  —  vr  Fv^  =  o|l 

Now,  in  tliis  case  Fv  =  o,  so  that  tt  Fv'  =  o 

Hence  Fv'  =  rf,  or  substituting  tlie  values  E,  F  and  G  tliis  becomes 
u^v^  __^ 


4 


P^ -fu^v^ 


When  'J  =  o,  v'  =  o,  lience  v  =  constant,  i.  o.,  tiie  meridians  are  geodesic 
lines. 

When  <5  =  o 


_  r^TdMii  _       

^  ^ )    ^  -  J  2  u  V  ('d2— u»)(u*^^^^  "^  ' 
Making  the  substitution  u:=l  t,  (1)  becomes 

(2) 


y^_     I _  .  .  _.  I         ^/ 


2/(t2  d-^  — 1)  (I  — <r-«  t«) 
We  liave  for  tlie  reduction  of  the  general  elliptic  integral 
♦R(x)  =  A  X*  f  4  B  x8  +  6  C  x»  -f  4  B'  X  -I-  .V 
g^-AA'  — 4BB'  +  8C^' 
g3  =  AcA^  -f  2  BcB'  —  A'B»  —  AB'»  —  cr\ 
These  become  in  the  present  case 

R(t):=(t2d»  — 1)(1— f^n^)  — — (J«dn<-f  (d2  +  cJ2)t»  — 1 
(d^-h^M 

i^^dHd^  +  d^)       rd»-f-rlM  3 

g3= 6 l~T~J 

We  get  also 

R'(t)  =  —4  rf^dH'  4-  2  (d*  4-<5»)  t 
R^(t)  =  —  12cJ2dn2  +  2  (d»  -I-  (5») 
Making  tlie  substitution 

}  R'(a) 
(3)     t^a-i— :b^R77^)  + 

Where  a  is  one  of  the  roots  of  R(t),  say  Id,  we  get 

*-d +-.'•." 

])  u  —  p  V   wliere  p  v  =  ^l^ (d^  —  5*5» ) 

k  Knescr,  Vnrintionirecbnung.    Fv  denotes  function  ▼. 
"^  Kloin,  Fillip.  Mod.  Functionen,  Vol.  I*  p.  15. 
t  Enneper,  EUip.  Functionen,  1880,  p.  90. 
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Now,  since  ^^=  l/R(t)    we  get  from  (2) 


dn-h«5' 


(4)  v=-'?rt.dn+.r=  1  [  [_,^_:!!<dl-''i)_T<'>'-'")'' 

2J  ^  2,iJ    [  pn-pv        (^^-^ 

Noting  that  in  the  present  nise 

and  remembering  that 

-JJLl  I      —  p(u-4- V)  —  p)u  —  V)  —  2  p  V ii-A_ 

pu  — pv)2      IV     1     ^      i^  '         1  pn  — pv 

(4)  bt^eomes 

v^r—Jf— '^2  +  p(u  f  V)  — p(u  — V)— 2pv]dn-f  r^" 

Tlie  functions  ^'  may  ))e  expressed  in  ix)wer  series.  We  liave  theu  the 
geodesic  lines  given  by  the  e(iuations 

V=.f(t)+'V' 

1 

^=t 

The  constant  (V  being  additive  lias  no  effect  upon  the  nature  of  the 
geodesies.  It  determiners  their  position.  All  lines  given  by  6^  may  be 
made  to  coincide  by  a  revolution  about  the  z-axis.  Tlie  curves  may  be 
completely  discussed  wlien  1^=0. 

Since  the  parameter  lines  of  the  surface  consist  of  geodesic  lines 
through  a  point  and  their  orthogonal  traj(*ctories  E  may  be  taken  equal  to 
unity .♦    E  du^^du'^ 

Hence  -  ^-  log   f^  +  ^'d^-^]    ^  ,,.^  ^j.  ^^^  s^eh  ??_' 

2  I  u  J  d 

Because  of  thc^  relations  of  the  surface  to  the  pseudo-spliere  it  may  be 
represented  upon  the  upper  jnirt  of  the  Cartesian  planef.  The  relation  be- 
tween the  surfaces  is  given  by  the  equations 

v-^v^ 

c      / 


''■■  Knoblnuoh,  Krunnnen  FlUclien.  p.  49. 
t  Bianolii.  T>ifferontial  Geometric,  p.  411>. 


where  a  and  v  are  co-ordiiiate^  of  points  on  tlie  {iseado-sphere  and  jjl'  and 
v'  co-ordinates  of  points  on  S.  Tlie  e(iuatious  of  transformation  from  S  to 
the  plane  are 

v  =  x 

—  n 

"d 
c  e     =y 

Tlie  real  i)art  of  the  surface  heing  represented  on    the  strip  included 

between  y  =  c  and  y  =  c  e. 


Comparison  of  (4auss'  and  Cayley\s  Proofs  of  the  Existence 

Tjieorem. 

o.  E.  Glenx. 

[By  title.  ] 


Motion  of  a  Bicycle  on  a  Helix  Track. 
O.  E.  Glenn. 


Tlie  equation  of  tluj  helix  surface  may  be  conveniently  expressed  in 
surface  co-ordinate«,  thus : 

X  =  r  cos u  =  fi  (ru) 

y  =  rsinu~~f2(ru) 

bu      -  ^     , 
z  =  — Iif3(ru) 

in  which  r  represents  the  distance  of  a  point  from  the  z  axis,  and  u  the 
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angle  between  the  x  axis  and  the  projection  of  r  upon  the  (xy)  plane;  b 
being  a  constant. 

It  will  be  assumed  here  tliat  tliere  is  a  force  of  friction  eqnal  and 
opposite  to  tlie  centrifugal  force,  of  a  particle  (or  wlieel)  moving  down  the 
surface,  under  the  action  of  gravity  (g).  If  these  equal  and  opposite  vec- 
tors be  introduced,  the  problem  reduces  to  tliat  of  determining  the  motion 
of  a  particle  (or  wheel)  on  a  fixed  smooth  surface. 

The  general  equation  of  kinetic  energy*  is, 

(1)  d(imv.)=  (XL«>+Yf +Z§5dr+  (x^^H- y|J +Z«»j  dn. 

where  m  represents  tlie  mass,  v  tlie  velocity  and  X,  Y  and  Z  tlie  axial  com- 
I)onents  of  the  impressed  forces. 

Denoting  the  angle  between  tlie  [xy]  plane  and  the  tangent  plane  of 
the  surface  by  a  there  results : 

(2)  X=mgsinacosacosu  =  mg — - — cosu. 

^  .  .  sin2a   . 

Y=mgsmacosasinu-~  mg  smu. 

Z=mg. 
And  equation  (1)  reduces  to 

J  /  1       *  X        f    sin  2  a       .      ,      sin  2  a   .    .     i       , 
d  (  jmv* )  =    g  — - —  cos*  ^  +  g  — ^ —  sm*  u   m  dr. 

,    r        sin2a     .  ,      sin2a     .  •  gbl      , 

+    — ^  "2  "  rsinucosu  +  g — ^ — r8inucosu+|-   mdu;or, 

/ox     J /I         2v  r    sin2af  ,     ,  mgb, 

(3)  d(imv2)==mlg— 2"  -J  dr  +  -^du. 

But  the  angle  a  equals, 

2nT 

a  =  cos"^  -7= — - 

l/4;r2r*-j-b« 

,>^  8in2a_   .  27rrb  .  , 

Whence  — -  —  =  sm  a  cos  a  =  v  — ^   2  ^  >  a  *^^  ^^^°^  ^^)  • 


(4)    d(imv.)=(,4^^^]dr4-(5^>u. 


-  +  1 

Tliis,  upon  integration,  gives, 
b« 


(5)    v«  =  |^log 


r«4-- 


r34-^- 


Kb 
+  ^— u,  the  initial  conditions  being  v  =  0 


and  r=:ro  when  u=0. 


«Ziwet  Mechanics,  p.  103,  Vol.  III. 
t  These  are  partial  derivatives. 
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„         ,      f»<lf,dr  ,  df,dui»,  fdf.dr  ,  df,du1>     fdf.dr^df, 
N«^^'=(-dTdt+d^dtJ  +idFdt+didtl    +ldFdt  +  dS 


iu  which  t  roprcsouts  the  time  and  v  the  velocity.    Therefore, 

I  dr  du| »  ,    r  .       dr  ,  du| '   ,    f  b  dul » 

(6)    y»  =  [co8u^^-r8mu-j^|    +  |8i.iu^^+rc08n^j    +[2^34] 


(S+l- 


IdtJ       '    [       ^4rrM   Idtj 
From  (5)  and  (6). 


(7)    l^log 


■4-- 


r?4- 


4n-2 


+  V-  =  [dt]    +(^'  +  4V^ 


fdul 
idtJ 


2. 

4. 
5. 


This  is  tlie  differential  equation  of  the  motion. 
Its  integral  f uniislie^  solntions  of  the  following : 
1.     Wliat  is  the  time  of  descent? 

What  is  tlie  equation  of  the  curve  of  quickest  descent? 
Wliat  is  the  space  passed  over  in  a  given  time? 
What  is  tlie  velocity  at  any  instant? 
What  is  the  normal  i)ressure  on  tlie  surface? 
Problem:     A  wheelman  rides  down  a  helix  surfa<*e  along  the  line  of 
pitch  3<)°,  keeping  his  wheel  at  a  constant  radial  distance  of  30  feet.    Find 
the  time  of  descent  and  his  velocity  upon  reaching  tlie  ground;  the  helix 
nuiking  one  complete  tuni. 

Since  r  is  constant  and  eijual  to  r^,  we  have: 
(8)    r--rTro  =  30. 

b  =  2Trtan8()o  =  3.1416X60f  J  v^=:  108.824. 
g  =  32. 
Equation  (7)  now  becomes, 
b2 1  fdu| 2     gb 

--—  I     1=  ■'■ —  u 


("+4") 


idt. 


Vu=.96l/u. 


Substituting  from  (8) 

du_f B2xm82       U^ 

dt  ~  18.1416  X1199.9H2 1 

2     ,.  -I2T      2<K)   ,-        

^  k  2  X  3. 1416  =  5.2  seconds  - 

From  equation  (4). 


■••*=.i5H: 


time  of  descent. 


V  =  \     -^yHj^ — - V'n^v'UX  108.824  =  83.4  ft.  per  st^coud  =  velocity 
at  bottom. 


*Partial8. 
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It  may  be  observed  that  the  velocity  is  the  same  as  tliat  acquired  by  & 
body  falling  tliroagli  tlie  lieiglit  b,  and  is  independent  of  the  radial  dis- 
tance, r.  Tlie  time  of  descent  is  directly  proportional  to  r;  and  both  are 
independent  of  the  weiglits.    Tliat  is,  we  liave  tlie  theorem : 

Motion  on  the  heli.r  surface  /.<<  fi/niralcnt  to  that  on  the  inrliue  phnWf  when  r  19 
constant. 


A  Generalization  of  Fermat's  Theorem. 

Jacob  Westlund. 

Consider  the  function 

nU)  ji(A) 

(1)      ^    (a,    A)=a  -(«  -f  ....   +a  ) 

n(A)  n(A) 


/     n(F»P,)  \  i     n(PxP,  ...Pi) 

-hV«  +....>'-  ....  +(-1)    a 

where  a  is  any  algebraic  integer  and  A  any  ideal  in  a  given  algebraic 
number  field,  Pi,  ...  Pi  are  tlie  distinct  prime  factors  of  A,  and  n(A)  de- 
notes the  norm  of  A.  The  theorem  which  wo  shall  i)rove  is  that  F(  «  ,  A) 
is  always  divisible  by  A. 

For  the  case  when  a  and  A  are  rational  integers  several  proofs  of  the 
divisibility  of  F(«,  A)  by  A  have  been  given*. 

When  A  is  a  prime  ideal  the  function  ^{o,  A)  reduces    to    a°^^^  —  a, 
which,  as  we  know,  is  divisible  by  A. 

Let  us  first  consider  the  case  when  A^P^*,  where  Pi  is  a  prime  ideal 
of  degree  f,  and  pi  the  rational  prime  divisible  by  Pi.     Then 


fBi                     f(Si 

F(«, 

p!0  =  «"    -«'" 

But 

a 

"*■"'-"-.  1.  mo  dP!' 

and 

U%x-\) 

Pi 
a 

=    a'         ,     modP?* 

hence 

(2)    F(«,  P^)^o,modP?. 

Now,  .supi>ose  A=:B.Pj'  where  B  is  any  ideal  not  divisible  by  Pi. 
Then  we  can  easily  derive  the  following  relation: 

f»i  f^hi-i) 

F{a^\      B)-F(«.    B.P^)  =  F(a*''  .     B), 


'*  Dickaon,  Annals  of  Mathematics,  2d  Series,  Vo].  1, 1899,  p.  31. 


or 

(3)  F(«,BP^):=F(/\     B)-F(n'         ,    B). 

If  wo  lot  B  =  P^'  we  get  from  (3) 

fi»i  f(ii— 1) 

F(«,  p^'f:")=F(«'".  p^')-F(«'"      .  Pt') 

and  lieiice  by  (2) 

(4)  F(«,   P^P^*)  .:0,modPj 
By  a  similar  reasoning  we  also  get, 

(o)     F(  ".  P^  Pi  )  _Omod  P^  and  lience  by  (4)  and  (5). 

(6)  F(«,  P^  P?')-OmodP^P^. 

We  now  lissume  tliat  for  an  arbitrary  «  tlie  function  F  (''i  A)  is  divis- 
ible by  A,  then  if  P  be  any  prime  ideal  not  contained  in  A  we  have  by  (8) 

F  ( <^  A  P")  =  F  (<i^   ,  A )  —  F  (  «''  ,  A)  and  lience, 

(7)  F(s    AP^)— OmodA. 

Now  let  A  =  CQ*  wliere  Q  is  a  prime  ideal  and  C  ])rime  to  Q.     Then, 
ft  fit— ii 

F(«,  AP-)  =  F(«  '*  ,CP')  — FC""^  ,  CP")  wliere  q  is  the  ra- 
tional prime  divisible  by  Q  and  t  tlie  degree  of  Q,  and  since  by  onr  assump- 
tion the  two  t(»rm8  on  the  riglit  side  are  divisible  by  CP*  it  follows  that, 

(5)  F(  «,  AP")       ()  mod  CP-,  and  lience, 
(9)     F(«,   AP") -0  mod  AP«. 

Hence  if  F(  ",  A)  is  divisible  by  A  when  A  contains  n  distinct  prime 
factors  it  is  also  divisible  by  A  when  A  contains  n-fl  distinct  jirime 
factors.  Making  use  of  (4)  we  then  find  that  F(  «,  A)  is  divisible  by  A 
for  any  A. 


On  the  Class  Number  of  the  Cyclotomic  Ximberfield 


K 


e 


Jacob  Westluxd. 

[By  title.] 

[Will  nppcnr  in  Transactions  American  Mathematical  Society.  Vol.  IV:  2.] 
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PiiOKxiRAPiiic  Observations  of  Comet  C,  1902. 
John  A.  Miller. 

Comet  c  (Perrine)  1002,  was  photograpbed  here  on  every  cl4*ar  nij^lit 
from  October  5  to  October  22,  clouds  preventing  either  earlier  or  later 
ones.  With  few  exceptions  two  photographs  were  made  on  each  nlglit 
One  photograph  being  made  with  a  portrait  lens  built  on  the  Petzval 
system,  l)ut  afterward  refigured  by  Brashear.  This  lens  had  an  aperture 
of  twelve  centimeters  and  a  focal  lengtli  of  fifty-flve  centimeters.  Tlie 
other  photograph  was  made  with  an  old  **tintype"  lens  wliich  Mr.  W.  A. 
Cogshall  rescued  from  a  photograph  gallery  here  and  which  performs 
surprisingly  well.  This  lens  has  an  aperture  of  5.5  centimeters  and  a 
focal  length  of  twenty-two  centimeters. 

The  tail  of  this  comet  was  exceedingly  faint,  so  faint  that  it  was  with 
diftlculty  that  it  could  be  photographed  at  all.  Each  of  the  photographs 
showed  two  streamers,  a  long  one  nearly  straight  and  a  shorter  one  more 
sharply  curved.  The  greatest  length  of  the  short  tail  was  shown  on  the 
photograph  of  October  «.  It  was  then  l.°8  long,  while  on  October  22  It 
did  not  exceed  one-half  degree  in  length.  On  October  5  the  long  streamer 
subtended  3.°2.  Each  succeeding  photograph  showed  the  streamer  longer 
until  on  October  22  it  subtended  an  angle  of  8.°4.  In  the  following  table 
I  have  shown  the  results  obtained  by  measuring  five  of  the  photographs, 
which  represents  fairly  well  the  behavior  of  the  comet 

In  this  table  T  is  the  central  time  of  exposure;  L,  the  length  of  the 
long  tail  in  degrees;  S,  the  length  of  the  short  tail  in  degrees;  N,  the  num- 
ber which  when  multiplied  by  the  cosine  of  the  angle  between  the  direc- 
tion of  the  comet's  tail  and  the  radius  vector  from  the  sun  to  the  comet 
gives  the  length  of  the  long  streamer  in  terms  of  the  mean  distance  of 
the  earth  from  the  sun: 


T. 


h.  in.  h.ni. 
October  5,8:10-  9:(X) 
October  6,  8:(K)-ll:4o 
Oft«.l>er  7,f>:(X»--  7:2<» 
October  20,  6:00  -  7:20 
0«'tobiT22,():l5-     7:+') 


L. 

S. 

N. 

3.2 

1.0 

.02M 

3.2 

1.8 

.0383 

3.8 

1.5 

.0323 

6.1 

1.2 

.0686 

8.4 

.0966 
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The  Genus  Puccinia. 
J.  C.  Arthur. 

The  present  paper  is  a  continuation  of  two  previous  attempts  to  bring 
to  the  notice  of  this  society  something  of  the  efforts  that  are  being  made 
to  devise  a  worltable  method  that  will  eventually  lead  to  a  stable  nomen- 
clature for  plants.  The  necessity  for  having  one  authoritative  name  for 
each  species  and  genus  of  plants  is  conceded  by  all  botanists.  The 
methods  proposed  for  arriving  at  this  desirable  state  are  various.  It  is 
evident  that  nomenclature  will  never  become  stable  if  left  to  Itself,  that 
is,  to  the  judgment  of  the  individual.  There  must  be  rules  of  procedure 
which  most  botanists,  if  not  all,  will  feel  bound  to  respect 

The  wise  formulation  of  such  rules  and  the  impress  of  authority, 
which  they  must  necessarily  bear,  are  difficult  to  secure.  Were  there  an 
International  organization  of  recognized  competency  to  talie  up  the  matter, 
the  way  would  seem  easy.  In  the  absence  of  such  a  body,  suggestions 
and  attempts  must  be  expected  from  various  sources,  which  may  finally 
crystallize  into  a  form  which  the  botanical  world  at  large  will  accept 

American  botanists,  acting  through  the  American  Association  for  the 
Advancement  of  Science,  promulgated  the  Rochester-Madison  rules  of 
nomenclature  in  18{>2-93.  These  rules,  after  the  test  of  a  decade,  have 
been  somewhat  modified  and  extended,  and  today  represent  the  most  care- 
fully considered  and  most  practical  scheme  for  securing  uniformity  of 
procedure  in  naming  plants  that  has  yet  been  brought  forward.  What- 
ever may  be  thought  of  these  rules,  or  of  any  other,  it  Is  certainly  the 
part  of  wisdom  to  test  their  applicability,  and  lend  a  hand  to  their  Im- 
provement 

In  order  to  illustrate  the  American  rules  I  propose  to  take  the  very 
interesting  case  of  the  genus  Puccinia.  As  the  name  is  generally  used  it 
embraces  about  one  thousand  species  of  plant  rusts,  which  are  character- 
ized by  having  free,  two-celled  telentospores.  In  my  paper*  of  four  years 
ago  I  pointed  out,  that  according  to  the  Kuntzean  rules  of  nomenclature 
this  generic  name  should  be  transferred  to  the  cedar  apple  rusts,  to  re- 
place Gymnosporangium,  a  name  that  has  been  In  use  since  1805.  In  my 
second  pnper,t  presented  two  years  later,  I  showed  that  if  we  accept  the 


'^Indiana  plant  rusts,  listed  in  nccordnnee  with  latest  nomenclature.  Prneeedingf 
Indiana  Acadeuiy  uf  Science  for  1898:174-186. 

t  Ueneric  nomenclature  of  cedar  apple?.  Proceedings  Indiana  Academy  of  Science 
for  1900:131-136. 

6— Academy  of  Science. 
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first  species  published  iiiider  a  new  genus  as  the  type  species  to  which 
the  genus  is  to  ])e  invariably  anoliored,  and  from  which  its  essential  char- 
acters are  to  be  drawn,  tlio  cedar  apples  must  be  listed  under  the  IJnna»an 
genus  TremcUa,  while  the  fate  of  the  name  Puccinia  was  left  in  doubt. 

In  the  meantime  the  amended  rules  of  nomenclature  by  the  American 
Committee  have  been  distril)uted,  and  although  these  recognize  the  great 
value  of  types,  a  specimen  used  by  the  author  as  type  of  the  species,  and 
a  species  as  type  of  the  genus,  they  provide  other  ways  of  determining 
the  type  of  a  genus  than  always  taking  the  first  species  named  under  it. 
The  new  rules  require  that  the  intent  of  the  author,  or  if  that  is  not 
ascertainable,  the  usage  of  his  followers,  shall  l)e  respected. 

If  we  examine  the  status  of  the  three  genera,  TrcniclUi,  (iymiiosporan- 
gium  and  Puccinia,  under  the  present  rules,  we  will  find  that  the  first 
becomes  a  genus  of  alga?,  not  longer  to  be  included  amcmg  the  fungi,  the 
second  is  restored  to  tlie  position  it  has  long  occupied,  while  the  third 
is  well  nigh  lost  in  the  toils. 

The  name  Pinviuia  was  introduced  into  botanical  literature  by  Micheli 
in  1720,  and  is  consequently  pre-I/nnuean.  It  was  employed  by  Haller 
in  two  different  works  prior  to  17.1:^.  the  initial  date  for  the  operation  of 
the  law  of  priority,  and  by  tlie  same  author  in  his  llistoria  stirpium  indi- 
genarum  Hvlvvtio'  invhouta  (Vol.  Ill,  p.  Vli\)  of  17r.S.  The  last  work,  how- 
ever, does  not  employ  binomial  names,  and  is  not  to  be  u.sed  in  ostaldish- 
Ing  mcxlern  nomenclature.  Another  early  author,  who  cites  the  name 
Puvvhiia,  is  Adanson  in  his  /\n»/7/r«  des  Plajitrs  (Vol.  II,  p.  8)  of  17(»3.  He 
adopts  both  the  name  and  the  description  of  tlie  genus  from  Micheli.  but 
does  not  mention  any  species.  Tliere  is  a  failure,  therefore,  to  establish 
the  genus  on  account  of  the  lack  of  a  tyi)e  species. 

The  next  oldst  author  to  employ  the  name  is  Willdenow  in  Ills  FlortB 
BvrolittcnsiSy  of  1787.  Willdenow  characterizes  his  genus  Pvccinia  as  fol- 
lows: **('orpiis  ri/1hi(Jnicaim  scmitiihuft  cnmlatis  railiatim  posit  is,  eUistice 
v.rsiUv7ttibus  farvtmn,''  Tender  this  gonus  he  places  a  single  species, 
Puccinia  simpler,  which  is  described  as  '7*.  cnrporr  cylindrico  simplicissimo 
ohtuso/'  It  is  said  to  occur  on  tlie  trunks  of  plum  trees  (Prunus 
armrniaca)  in  autumn,  and  to  be  rare  in  tlie  vicinity  of  Berlin. 
Although  reference  is  made  to  Micheli.  yet  careful  comparison  shows  con- 
clusively that  Willdenow's  plant  was  dllTcrent  from  that  of  the  Italian 
author.      Moreover,    it    could    not    have    been    one    of    the    cedar    apples 


d3 

(Oymnosporangium),  as  pointed  out  by  Magnus.*  for  they  neither  grow 
upon  the  plum  nor  produce  their  spores  in  autumn.  Further  confirmation 
of  this  is  found  in  Roth's  Florcn  Germanicw,  the  first  volume  of  which  was 
Issued  the  your  following  the  appearance  of  Willdenow*s  work.  In  this 
volume  (p.  547)  Puccinia  simithx  is  given,  and  credited  to  Willdenow,  with 
no  reference  to  Micheli,  while  a  few  pages  farther  on  in  the  volume  the 
common  codar  a\)\Ae  of  Europe  is  listed  as  TremeHa  junipcrina.  The  two 
were  evidently  considered  by  the  author  to  be  distinct  fungi. 

There  seems  to  be  no  doul)t,  that  according  to  our  present  form  of 
procedure,  we  must  consider  that  tlie  genus  Vuccinia  was  established  by 
Willdenow  in  1787,  with  the  single  si)e»cies,  /'.  simplex,  a  species  that  does 
not  l)elong  to  the  (redinrw,  Wliat  fungus  Willdenow  had  in  hand,  I  am 
not  prei)ared  to  say.  The  description  fairly  well  applies  to  Cornularia 
Persicw  (Schw.)  Sacc,  but  that  is  a  North  American  fungus,  common  in 
^Vmerica  but  not  yet  rei)()rted  from  F:rin'oiK\  So  far  as  our  present  pur- 
pose is  concerned,  however,  it  is  enough  to  know  that  the  type  of  the 
genus  PnccinUi  is  not  urcMlineous.  Tlierefore,  tlie  largest  and  best  known 
genus  of  plant  rusts,  the  one  tiiat  includes  tlie  ciiief  economic  species, 
drops  entirely  out  of  the  extensive  family  of  the  Crcdinew.  Probably 
Doctor  Kunty.e  is  to  ]>e  followeil  in  placing  under  Dica^oma  the  species 
that  have  heretofore  been  listeil  under  Piicvinia.  as  1  have  already  pointed 
out  in  my  preceding  paper  l>efore  the  Academy. 

Whether  this  is  the  final  word  regarding  the  genus  Pitccinia,  and  the 
fungi  which  it  has  lieen  used  to  cover,  yet  remains  to  l)e  seen.  It  may 
appear  foolish  to  some  to  rologate  to  ol)scurity  a  well  known  and  long 
established  name,  upon  what  seem  to  be  technical  grounds.  But  the 
loss  of  a  familiar  name  should  not  stand  in  the  way  of  the  introduction 
of  definite  rules  which  will  lead  to  a  reasonably  i>ermanent  nomenclature. 
What  is  most  desired  is  that  the  periwl  of  trial  and  transition  shall  be  as 
short  as  possible,  and  to  assist  in  bringing  this  about  the  study  of  the 
genus  Puccinia  is  herewith  presented. 


^  Bot.Ccntr,  Vol.LXXVII,  p.  5. 
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FoRESTHY  Conditions  in  Montgomery  County,  Indiana. 
Samuel  J.  Record. 

The  recent  Interest  In  forests  and  forestry  problems  in  Indiana  makes 
it  very  important  that  every  one  collecting  accurate  information  regard- 
ing the  forestry  conditions  in  any  part  of  our  commonwealth,  present  in 
as  complete  a  manner  as  possible  everything  that  may  be  of  general 
importance  in  arousing  public  interest  and  at  the  same  time  serve  as  a 
basis  for  intelligent  worii  in  that  particular  part  of  the  State. 

The  writer  has  studied  with  some  degree  of  thoroughness  the  condi- 
tions in  Montgomery  County,  which  conditions,  as  revealed  by  the  follow- 
ing facts,  demonstrate  the  very  serious  nature  of  the  problems  we  are 
confronting  and  the  lines  for  future  work. 

Montgomery  County  is  located  in  the  middle  western  part  of  the  State 
and  contains  504  square  miles,  or  322,5(50  acres.  Owing  to  its  large  size, 
its  prominent  location  and  the  diversity  of  Its  surface  and  soil  it  may 
well  be  considered  as  a  typical  section  of  the  central  part  of  Indiana. 
Hence,  what  may  be  said  of  the  forestry  conditions  and  the  plans  and 
possibilities  of  its  reforestation  may  In  a  general  way  be  considered  true 
of  the  whole  central  portion  of  the  State. 

The  surface  of  the  county  Is  pleasantly  diversified.  The  western  and 
central  part  near  the  principal  streams  Is  hilly  and  broken,  in  the  north 
central  it  is  gently  undulating  and  at  the  east  and  southeast  flat  and  level. 
The  northern  part  of  the  county  Is  notably  a  prairie  region,  level  or  gently 
rolling. 

The  drainage  takes  direction  from  the  dip  of  the  underlying  rocks 
generally  a  little  west  of  southwest.  The  main  stream  Is  Rock  River  or 
Sugar  Creek,  which  enters  south  of  the  northeast  corner  and  traversing 
the  central  area,  passes  out  six  miles  north  of  the  west  corner  of  the 
county.  Its  tributaries  from  the  north  are  Black  and  Lye  creeks;  from 
the  south,  Offield,  Walnut  and  Indian  creeks.  The  southern  and  south- 
eastern parts  are  drained  by  Big  and  Little  Raccoon  creeks  and  at  the 
southwest  by  Coal  Creek,  which  flows  directly  Into  the  Wabash. 

The  early  settlers  found  the  county  one  vast  forest,  broken  only  by 
the  wind  swept  streak  of  the  cyclones  or  the  marshy  land  of  the  prairies. 
So  dense  was  the  wilderness  that  their  way  had  to  be  cut  with  the  axe. 
Trees  and  saplings  were  cut  and  their  trunks  made  into  corduroy  roads. 
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Everywhere  were  the  most  valuable  varieties  of  forest  growth,  such  as 
the  oak,  walnut,  ash,  poplar,  cherry,  maple,  elm.  hickory,  beech,  mulberry, 
buckeye,  locust,  willow,  sycamore,  cedar,  and  some  hemlock,  each  tower- 
ing and  climbing  and  ever  contesting  for  the  necessary  light  of  the  sun. 
The  lower  branches  were  of  little  use  in  the  shade  and  soon  died  away, 
thus  by  the  natural  pruning  leaving  the  stem  of  the  tree  smooth  and 
unbranched. 

To  appreciate  something  of  the  size  of  these  giants  of  the  forest  we 
need  but  note  the  following: 

Common  N<i7)U'.  Dimmfer. 

Burr   Oak    7 

White  Oak   6 

Black   Oak    G.5 

Red  Oak   7 

Black  Walnut   7 

Poplar  8 

Sugar  Maple   5 

All  the  ground  was  covered  with  underbrush  and  litter  which  had 
been  accumulating  for  ages,  producing  a  deep,  rich  loam  which  is  still 
evident  in  the  richness  of  the  cultivated  fields.  Ilere  were  myriads  of 
birds  making  their  homes  in  the  kindly  shelter  of  the  trees,  and  In  turn 
destroying  the  multitude  of  insects  which  threatened  the  life  of  the  forest. 
Thus  when  we  closely  examine  the  natural  conditions  we  find  the  forest  is 
a  unit,  a  natural  community  in  which  each  factor  plays  its  part.  An 
equilibrium  is  established,  the  result  of  the  adaptation  of  each  element 
to  its  environment;  and  when  this  equilibrium  is  disturbed  the  result  is 
an  undue  development  of  one  factor  and  consequent  suppression  of  others. 
In  this  instance  thoughtless  man  has  destroyed  the  equilibrium,  and  the 
drying  up  of  the  wells  and  streams,  the  decrease  in  fertility  of  the  fields 
and  loss  to  our  crops  are  a  few  of  the  disastrous  results. 

Now  but  little  remains  to  remind  us  of  the  luxuriant  forests  of  this 
county  sixty  years  ago.  Here  and  there  are  scattered  patches  of  wood- 
land standing  like  islands  in  a  wide  sea  of  clearing,  and  most  of  these  so 
thinned  and  mutilated  that  they  can  scarcely  be  called  forests  at  all. 
To  the  student  of  such  afl'airs  the  destruction  of  this  once  mighty  forest 
has  all  the  features  of  a  long  continued  tragedy.  It  is  a  crime  against 
the  past,  present  and  future,  a  crime  which  may  never  be  forgiven  nor 
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forgotten.  Though  undoubtedly  required  by  the  necessities  of  olvilizatioii 
and  population,  it  has  been  carried  too  far,  and  future  generations  may 
have  to  curse  the  wanton  waste  of  the  past.  Our  fathers  had  a  constant 
grudge  against  ti-ees.  Tlie  best  were  cut  into  rails  or  hewed  into  sills, 
or  used  for  firewood.  Regular  logging  bees  were  held  and  tree  after 
tree  was  cut,  rolled  together  and  burned.  There  is  not  a  farm  in  the 
county  today  but  would,  if  left  in  timber,  have  been  worth  six  times  its 
present  value.  And  worst  of  all,  this  same  policy  is  being  continued. 
Every  year  forest  owners,  either  through  carelessness  or  ignorance,  are 
wasting  valuable  proi>erty.  Concerning  the  niarlcet  value  of  the  various 
crops  which  the  farm  produces  tlie  farmer  is  usually  posted,  but  concern- 
ing the  marlcet  value  of  the  various  trees  malcing  up  his  timberland  he  Is 
usually  ignorant.  The  amount  of  tim])er  that  has  Ijeen  allowed  to  go  to 
utter  waste  in  the  past  histoi-y  of  the  county,  because  of  the  failure  to 
appreciate  the  true  value  of  forests,  would  have  been  sufficient,  had  it 
been  preserved  and  sold  at  current  prices,  to  have  paid  for  every  acre 
of  land  in  the  county.  Save  for  occasional  groves,  almost  all  the  black 
walnut  has  been  removed  IxK^ause  of  its  great  value,  and  yet  on  every 
farm  in  the  county,  rows  of  rail  fences  built  of  blacli  walnut  and  poplar, 
puncheon  floors,  rafters  of  old  barns  and  sheds  attest  to  its  reckless  use 
in  the  past. 

In  this  country  whore  all  the  land  is  in  the  hands  of  private  owners, 
nothing  can  bo  done  save  through  the  intelligent  co-operation  of  land 
owners. 

No  land  in  the  county  has  been  reforested  by  artificial  means.  A  num- 
ber of  farmers,  however,  mahitain  groves  of  catalpa  and  black  locust 
which  furnishes  material  for  posts  and  poles.  Numerous  instances  could 
be  cited  where  a  few  acres  of  black  locust  furnish  a  constant  supply  of 
posts  for  the  fencing  of  farms  containing  hundreds  of  acres  each.  Such 
groves  are  easy  to  propagate  and  furnish  the  best  of  posts,  which  can 
not  be  purchased  on  the  market  for  less  than  thirty  cents  each  line  post. 
The  catalpa  groves  have  not  proved  so  successful,  owing  in  some  instances 
to  the  planting  of  catalpa  bignonoides  which  is  of  small  growth,  crooked 
and  seldom  forming  a  well-shaped  tree.  The  valuable  variety  to  plant 
is  C.  speciosa,  which  is  a  very  rapid  grower  and  furnishes  wood  valuable 
for  posts,  ties,  telegraph  poles  and  lumber. 

Not  only  has  tliero  been  no  planting  of  forest  tracts,  but  there  has 
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been  a  coustant  cuttlufi;  oflf  of  the  reiuaiuiug  tiniberland.    The  following 
figures  from  the  stutistiohiu's  report  shows  this  coudition: 

) 

1881 07,574  acres  tiniberland. 

1882 (r2,083  acres  tlmberland. 

1883 G9,31K)  acres  timberland. 

1884 (U).451  acres  timberland. 

1885 40.508  acres  timberland. 

188G 44,183  acn*s  timberland. 

1900 7,184  acres  timberland. 

The  discrepancies  in  tlie  wirly  returns  arc  due  to  Inaccurate  data;  the 
later  reports  are  more  relia1>lc.  Tliey  are  sufficient  to  show  the  vast 
decrease  in  our  forest  area.  In  fifteen  years  39,324  acres  of  timber  was 
removed  at  the  rate  of  2,021  acres  per  year.  If  this  rate  were  kept  up  all 
the  remaining  tiini»erland  wouhl  be  deforested  in  2.7  years,  but,  of  course, 
the  decrease  in  the  amount  and  value  of  the  timi»er  would  tend  to  lessen 
the  annual  rate  of  reniovnl. 

Tiic  census  report  tor  19(H>  stat'»s  that  the  numi)er  of  acres  in  timber 
but  not  in  pasture  land  in  l^nion  Townslilp  is  2,240.  Much  of  this,  how- 
ever, is  in  small  lots  or  groves  and  has  had  most  of  its  best  timber  re- 
moved. This  2,240  acres  is  but  3.1  per  cent,  of  total  area  of  the  township 
and  is  divided  into  103  tracts  or  lots,  only  thirty-seven  of  which  contain 
twenty  acres  or  more.  Of  this  latter  numl>er  only  eighteen  contain  as 
nmch  as  forty  acres,  and  only  one  of  100  acres. 

Ripley  Township  Is  rugged  and  broken  toward  the  south  and  has  re- 
maining a  larger  proportionate  acreage  of  forest.  Tliere  are  twenty-six 
tracts  of  twenty  or  more  acres  reported,  making  a  total  of  1,273  acres, 
comprising  59  per  cent,  of  tiie  total  area.  Much  of  this  land  is  covered 
with  beech,  which,  however,  is  not  a  very  profitable  timber.  The  soil, 
especially  toward  the  southern  part,  is  generally  poor  clay,  and  if  stocked 
with  young  trees  would  soon  bring  much  more  than  can  be  realized  from 
the  same  ground  at  present. 

Brown  Township  is  also  much  broken  along  the  course  of  Sugar  Creek. 
Only  fifteen  tracts  of  over  twenty  acres  were  reported,  but  most  of  these 
areas  are  large,  giving  a  total  of  950  acres  or  2.7  per  cent.  Much  of  this 
timber  is  beech,  though  white  oak  is  also  abundant.  The  region  near 
the  mouth  of  Indian  Creek,  known  as  Pine  Hills,  is  covered  with  pine  and 
hemlock.     Some  of  these  trees  are  very  large  with  straight,  towering 
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stems  reaching  to  lofty  heights.  Hundreds  of  seedlings  are  growing 
everywhere  and  if  left  alone  will  perpetuate  the  excellent  forest  condition 
now  prevailing.  Farther  down  the  stream  are  the  "Shades  of  Death,"  an 
area  of  200  acres  In  virgin  forest,  especially  noted  for  its  beautiful  scenery. 
The  sides  and  slopes  of  the  sharp  hills  and  promontories  are  covered  with 
a  thick  growth  of  evergreen  hemlocks  and  cedars  and  the  tip-top  heights 
with  pines  which  lift  their  foliage  200  feet  above  the  brook,  averting  the 
sun's  rays  and  tilling  the  deep  chasm  with  a  gloom  typical  of  the  "Valley 
of  the  Shades."  Here  one  sees  typical  forest  conditions,  the  forest  litter 
holding  the  moisture  and  feeding  gradually  the  many  pure,  cold  springs. 
This  land,  if  deforested,  would  be  worth  practically  nothing,  but  under 
proper  management  a  large  return  could  be  secured  annually  from  the 
timber  growing  there.  Tliis  area,  however,  has  been  recommended  by  the 
State  Forester  as  a  forest  reserve  with  the  purpose  of  increasing  its  effi- 
ciency as  a  park.  Dr.  Henry  Moore,  of  Irvington,  Indiana,  was  chosen 
president  of  the  board  of  control.  No  otlicr  recommendations  have  been 
made. 

Walnut  Township  rei)orts  tifty-eight  forest  tracts  containing  a  total 
acreage  of  4,493  acres  of  20  per  cent,  whole  area.  These  forest  tracts  are 
comparatively  large,  thirteen  of  them  containing  100  acres  or  over. 

Franklin  Townsliip  reports  eleven  forest  tracts,  of  twenty  acres  or 
over,  making  a  total  of  420  acres,  or  2  per  cent.  The  areas  are  small  and 
most  of  the  good  timber  has  been  removed.  The  boulder  trail  passes 
through  the  western  portion  of  the  township  and  the  land  in  its  vicinity 
would  be  worth  much  more  if  properly  covered  with  timber  than  it  is  in 
its  present  condition;  the  large  number  of  boulders  making  cultivation 
of  crops  very  ditlicult. 

Sugar  Creek  Township  reports  seven  tracts  or  302  acres,  1.4  per  cent, 
of  total  area.  Most  of  the  region  is  black  prairie  land  and  the  timber  is 
mostly  in  groves  which  have  grown  since  the  settlement  of  the  country. 
The  prevailing  species  are  shellbark  hickory  and  white  oak. 

Madison  is  also  a  prairie  region  and  its  condition  of  soil  and  forest 
closely  resembles  Sugar  Creek.  Seven  tracts  are  reported,  giving  a  total 
of  458  acres,  though  the  total  acreage  of  the  township,  including  smaller 
tracts,  is  reported  as  501  acres  or  21  per  cent. 

Coal  Creek  reports  but  two  tracts  of  more  tlian  twenty  acres,  though 
the  total  acreage  amounts  to  201  acres  or  .0  per  cent,  of  the  total  area 
of  the  township. 
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Clark  Township  returns  indicate  four  forest  tracts  containing  over 
twenty  acres.  Only  one  tract  contains  over  forty  acres.  The  total  area 
is  135  acres  or  .G  per  cent 

Wayne  has  but  eleven  foi'cst  tracts,  making  a  total  of  399  acres  or  2 
per  cent,  of  the  total  area.  The  tracts  are  small,  only  one  containing  as 
much  as  sixty  acres. 

Scott  Township  reports  no  forest  tract  containing  as  much  as  twenty 
acres.  The  total  area  of  the  timberland  in  the  township  does  not  exceed 
ninety-five  acres  or  .4  per  cent. 

From  this  glance  at  the  townships  it  will  appear  that  the  amount  of 
available  timber  is  very  limited  and  most  of  the  forests  now  remaining 
are  so  small,  open  and  scattei'ed,  that  the  benefit  derived  from  them  Is 
but  a  small  per  cent,  of  that  accruing  from  well  regulated  forest  areas. 

The  General  Assembly  of  the  State  of  Indiana  enacted,  in  1899,  a 
forest  reservation  law,  whereby  upon  any  tracts  of  land  a  portion,  not 
exceeding  one-eighth  of  the  total  area,  could  be  selected  as  a  permanent 
forest  reservation  which  should  bo  appraised  for  taxation  at  one  dollar 
per  acre.  The  land  to  be  exempted  must  contain  170  trees  per  acre,  either 
naturally  or  artificially  propagated.  The  act  makes  further  specifications 
as  to  the  maintenance  of  the  tract,  and  designates  what  trees  shall  be 
known  as  forest  trees  within  the  meaning  of  the  act.  The  law  was  a  step 
in  the  right  direction  and  has  resulted  in  284  exemptions  covering  a  total 
area  of  5,312  acres  in  the  State.  In  Montgomery  County,  however,  not  a 
single  exemption  has  been  tiled.  This  condition  in  this  county  is  largely 
due  to  the  lack  of  information  on  the  subject,  and  succeeding  years  will 
no  doubt  witness  a  large  number  of  exemptions. 

Deforestation  of  the  headwaters  has  produced  a  marked  effect  in  the 
size  and  value  of  the  county *s  streams.  In  its  early  history  Sugar  Creek 
was  navigable  for  good-sized  boats  and  was  much  used  as  a  means  of 
transportation.  In  1824  William  Nicholson  came  from  Maysville,  Ken- 
tucky, to  Crawfordsvllle  in  a  keel  boat  of  ten  tons  burden  which  landed 
at  the  mouth  of  Whitlock's  Spring  branch.  It  floated  down  the  Ohio  to 
the  mouth  of  the  Wabash  and  thencp  was  rowed  up  to  the -mouth  of 
Sugar  Creek,  finally,  after  a  long  voyage,  reaching  its  destination.  After- 
ward two  men  took  the  same  boat  down  to  Terre  Ilaute  for  a  load  of 
corn.  Other  instances  could  be  cited,  but  these  are  sufllcient  to  show  the 
extent  of  the  navigability  of  the  stream  which  at  present  would  scarcely 
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float  an  old  time  flatboat.     Much  of  this  Is  clue  to  the  filling  in  of  the 
channel  with  the  products  of  tlie  denuded  fields  above. 

Records  show  that  Sugar  Creek  has  furnished  a  motive  power  for  at 
least  nineteen  mills  situated  along  its  course  in  Montgomery  County.  At 
the  present  time  the  number  does  not  exceed  four  and  these  are  obliged 
to  use  steam  during  most  of  the  summer  season.  As  is  well  known,  a 
constant  water  supply  furnishes  a  most  economical  and  reliable  motive 
power  which  would  tend  to  lessen  the  cost  of  any  manufactured  products. 
The  owner  of  the  Sperry  Mill,  at  Crawfordsville,  asserts  that  the  cost  of 
running  the  mill  one  day  by  steam  power,  including  coal,  fireman  and  all 
expenses,  is  $5;  while  the  total  cost  of  water  power  for  otie  year,  including 
repairs  to  the  dam  and  wheel,  is  $40.  In  other  words,  the  amount  required 
to  run  the  mill  one  day  by  steam  would  pay  the  cost  of  running  the  same 
mill  by  water  for  nearly  forty  days. 

The  amount  of  power  exerted  by  the  stream  in  its  course  would,  if 
utilized,  be  sufficient  to  turn  evei*y  wheel  in  every  factory  within  the 
county.  This  would  i>e  of  especial  importance  in  furnishing  an  econom- 
ical motive  power  for  concerns  under  municipal  ownership,  thereby 
greatly  reducing  the  expense  of  operating.  But  while  the  volume  of  water 
carried  by  Sugar  Creek  in  a  year  has  prol>ai>ly  remained  constant  since 
the  county  was  discovered,  yet  the  flow  is  so  irregular  and  uncertain  that 
it  is  no  longer  of  great  economical  importance. 

Deforestation  has  also  had  a  veiy  disastrous  effect  upon  the  fish 
supply  of  our  streams.  In  the  early  settlement  of  the  country  Sugar 
Creek  was  full  of  edible  fish.  It  is  related  by  an  old  settler  that  during 
one  night  in  1824,  1)00  fish,  consisting  of  pike,  salmon,  bass  and  perch, 
were  caught  in  a  large  fish  trap.  The  settler  often  cai'ried  them  by  skiff 
loads  from  the  fish  trap  and  placed  them  in  a  pond  to  be  retaken  later 
and  sold  or  used  for  food.  Noav  this  condition  has  entirely  changed  aud 
but  few  food  fishes  remain  in  our  streams.  It  is  true  that  stream  pollution 
and  illegal  fishing  are  responsible  for  much  of  this,  but  the  decrease  in 
the  volume  of  water,  rendering  it  stagnant  during  the  summer  months, 
is  almost  directly  the  result  of  deforestation  of  the  lieadwaters.  The  un- 
usually lilgli  water  at  the  season  of  spawning  seriously  interferes  with 
the  reproduction  of  tlic  species.  Tliis  sudden  rise  of  the  stream  is  pre- 
vented by  the  forest.  The  litter  receives  the  rain,  and,  owing  to  its  loos- 
ness  and  lack  of  capillarity,  prevents  rapid  evaporation.  The  relatively 
low  temperature  of  the  forest  is  also  a  factor  in  lessening  the  rate  of 
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evaporation.  The  uuevenncss  of  the  forest  floor,  with  sunken  logs  and 
piles  of  debris,  prevents  the  formation  of  [gullies  and  consequently  the 
water  shilcs  into  the  j^'ound  instead  of  running  off  on  the  surface.  It  can 
not  wear  away  the  soil  upon  steep  slopes,  nor  form  sudden  and  disastrous 
freshets  as  in  a  nalced  and  treeless  region.  The  streams  rising  in  wood- 
lands may  swell  after  a  rain,  ])nt  more  gradually,  and  they  will  subside 
again  more  slowly.  If  they  rise  in  woodland  swamps,  they  are  scarcely 
liable  to  floods  at  any  season  and  tend  to  an  even  flow  throughout  the 
year. 

The  soil  of  Montgomery  County  is  generally  very  rich  and  the  disas- 
trous effect  of  the  removal  of  tlie  forest  will  not  be  evident  for  many 
years.  Tlie  land  is  especially  adapted  for  agricultural  pursuits,  and  ra- 
tional farming  and  rotation  of  crops  is  doing  much  to  maintain  its  pro- 
ductiveness. Yet  some  tracts  have  been  cleared  which  are  of  very  little 
use  for  farming  purposes,  and  fail  to  yield  a  profit  for  the  labor  exerted 
upon  them.  We  have  seen  large  areas  of  good  timber  cut  down,  much  of 
it  wasted  and  destroyed,  merely  to  add  to  the  farm  land  an  area  almost 
worthless  for  cultivation.  Sucli  land  should  be  immeiliately  reforested 
with  the  most  profitai)le  kinds  of  timber,  since  by  this  means  the  most 
profitable  returns  can  be  secured. 

An  examination  of  our  corn  crop  yields  since  1873  shows  the  follow- 
ing gains: 

1873-1877 24  bushels  per  acre. 

1878-1882 31  bushels  per  acre. 

1883-1888 37  bushels  per  acre. 

1880-1893 32  bushels  per  acre. 

1894-1900 42  bushels  per  acre. 

In  considering  these  figures  we  must  remember  that  much  newly 
cleared  land,  rich  from  forest  litter,  has  bwn  added  yearly  and  tends  to 
increase  the  avenige  yield  per  acre. 

Our  wheat  crops  have  not  fannl  so  fortunately  and  the  averages  for 
five  year  periods  since  1872  show  the  following  decrease: 

1872-1876 21.18  bushels  per  acre. 

1877-1881 15.45  bushels  per  acre. 

1882-1886 14.21  bushels  per  acre. 

1887-1891 13.10  bushels  per  acre. 

1892-1896 13.30  bushels  per  acre. 

1897-1900 11.60  bushels  per  acre. 
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The  exact  cause  of  this  decrease  is  not  known,  but  to  the  student  of 
forestry  conditions,  it  seems  that  deforestation  is,  in  part  at  least,  re- 
sponsible. 

By  far  the  most  susceptible  of  our  crops  to  the  changed  condition  Is 
the  apple.  Though  our  statistics  on  this  subject  are  very  limited,  yet  the 
memory  of  every  person  of  mature  years  will  testify  to  the  great  decrease 
in  our  apple  crop.  The  raising  of  perfect  apples  in  this  county  Is  very 
difficult  and  yields  such  poor  financial  returns  that  the  growers  have  al-  . 
most  entirely  abandoned  the  pursuit.  However,  the  decline  in  yield  is  by 
no  means  proportional  to  the  decline  in  the  number  of  trees.  The  follow- 
ing figures  are  taken  from  the  statistician's  reports  for  Indiana  and  ex- 
press approximately  this  condition: 

1879 42,007  bushels  apples. 

1880 37.781  bushels  apples. 

1881 20.476  bushels  apples. 

1885 14,544  bushels  apples. 

1886 08,033  bushels  apples. 

1807 3,084  bushels  apples. 

The  yield  has  so  decreased  that  at  the  present  time  we  are  com- 
pelled to  import  almost  all  of  our  apples.  The  immoderate  ravages  of 
hordes  of  insect  pests  is  mainly  responsible  for  this  condition,  though  the 
apple  rust  Is  also  very  injurious.  The  disastrous  effect  of  the  latter, 
however,  is  probably  no  greater  now  than  at  previous  times  and  will  not 
account  for  the  remarkable  decrease  in  our  apple  crop. 

Besides  a  decrease  in  our  soil  productiveness,  the  county  has  also  lost 
many  valuable  wood  industries.  Until  recently  there  was  located  at  Craw- 
fordsville  a  heading  anTl  stave  factory  which  used  large  quantities  of 
timber  and  furnished  eniploymeiit  to  many  men.  The  scarcity  of  avail- 
able timber  made  further  operation  unprofitable  and  the  concern  was 
moved  to  Arkansas.  At  one  time  the  county  was  liberally  dotted  with 
sawmills,  but  now  scarce  a  half  dozen  remain,  and  these  are  compelled 
to  import  a  large  proportion  of  their  logs,  in  some  cases  nearly  one-half. 

Crawfordsville  at  present  has  but  two  important  wood  industries.  The 
Indiana  Match  Company  uses  large  quantities  of  Cottonwood  and  bass- 
wood  and  the  supply  of  this  county  was  soon  exhausted.  For  some  time 
past  the  company  has  purchased  these  woods  in  different  districts,  chiefly 
in  lower  Illinois,  but  the  new  Chicago  drainage  canal  has  flooded  so  much 
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of  the  timber  country  that  the  wood  can  not  be  gotten  out.  The  company 
is  in  a  difficult  i>osition  and  the  scarcity  of  any  material  may  cause  it  to 
close  down  or  to  l>e  removed.  The  Casket  Company  uses  annually  $38,000 
worth  of  material,  turning  out  a  finished  product  worth  $58,500.  The 
factory  furnishes  employment  to  forty  persons,  paying  annually  in  wages, 
$18,000.  Most  of  the  material  is  shipped  here.  There  are  prospects  of 
another  industry  for  the  manufacture  of  wooden  novelties  for  which  there 
is  claimed  an  excellent  market.  In  order  to  have  the  desired  capacity, 
about  thirty  men  would  be  employed  at  first  and  if  the  venture  proved 
successful  the  capacity  and  working  force  of  the  plant  would  be  doubled. 
The  principal  woods  used  are  the  maple  and  beech,  and  the  county  still 
has  a  good  supply  of  the  latter. 

Such  industries  contribute  largely  to  prosperity  of  the  county  and 
whatever  would  tend  to  foster  them  in  a  proper  way  is  promoting  the 
general  welfare.  The  reforestation  of  a  sufficient  area  would  make  good 
timber  available  and  not  only  prevent  the  removal  of  our  present  indus- 
tries but  invite  new  ones  as  well. 


XOTES  ON   THE  ClEAVAGE   PlANE   IN   StEMS   AND   FALLING   LeAVKS. 

Mary  A.  Hickman. 

Adaptation  to  climate  and  environment  is  nowhere  better  illustrated 
than  in  the  forest.  Especially  is  this  true  of  the  temperate  regions  where 
adaptation  is  in  response  to  the  winter  cold.  The  deciduous  trees,  instead 
of  protecting  their  delicate  leaf  structures  from  the  severe  cold  of  winter, 
have  formed  the  liaJ)it  of  dropping  them  and  again  putting  out  new  leaves 
when  the  warm  season  returns.  The  deciduous  trees  have  developed  the 
working  powers  of  their  leaves  to  such  an  extent  that  the  great  surface 
exposure  and  delicacy  of  structure  make  it  impossible  to  carry  them 
through  the  winter,  therefore,  the  necessity  of  the  deciduous  habit. 

However,  this  habit  of  shedding  is  not  confined  to  the  leaves  only,  for 
many  trees  annually  shed  twigs  and  branches.  The  dropping  of  twigs 
and  branches  is  probably  to  prevent  too  great  a  density  of  foliage.  This 
last  habit  is  not  restricted  wholly  to  the  deciduous  trees,  for  some  of  the 
conifers  have  the  same  trait 
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This  dropping  Is  due,  not  to  breaking,  but  to  growing  oflf  by  the  forma- 
tion of  a  cleavage  plane  between  both  the  twig,  petiole  and  the  parent 
stem.    Thus  the  reason  for  the  scars  left  by  the  shedding. 

In  the  shedding  of  stems,  the  cleavage  plane  is  gradually  developed 
across  the  tibro-vascular  system  separating  the  stem  from  the  parent 
stem  with  the  excei)tion  of  tlie  barlv  and  a  few  layers  of  wood  cells  which 
are  easily  broken.  The  scar  is  virtually  formed  before  the  falling  of  the 
stem.     Marked  illustrations  of  this  habit  from  the  deciduous  trees  are 


found  in  the  family  Salicaceic  L.  The  branches  and  twigs  begin  to  fall 
before  the  shedding  of  the  leaves  and  continue  throughout  the  period  of 
leaf  fall.  The  twigs  shed  are  green,  many  bearing  large  winter  buds 
ui)on  their  tips.  Of  the  conifers,  tlie  Tsuija  Canadensis  Carr.,  illustrates 
this  habit  very  marketUy.    However,  their  twigs,  when  shed,  are  dead.* 

In  the  shedding  of  leaves,  we  find  the  formation  of  the  cleavage 
plane  the  same  as  in  the  stem.  The  most  common  method  is  that  of 
a  separation  between  the  petiole  and  stem,  as  shown  by  the  scars  on  the 
stems. 

*  The  Self-pruning  of  Woody  Plants.-John  II.  Schaffnor,  Oliio  Nat.  I.,  1902,  pp.  171-147 
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This  fall  the  attention  of  the  wrltor  was  called  to  a  peculiar  case  of 
variation  found  in  tln^  vine  Ampdoims  vt'ltvhie  L.,  native  of  Japan,  but 
whicli  has  iKjen  introduced  into  America  for  ornamental  purposes.  It 
clings  to  the  walls  1)3'  its  very  numerous  disk-tipped  tendrils.  The  leaves 
on  the  younger  branches  (»f  the  vine  are  small  and  entire  with  dentate 
margins,  but  those  on  the  older  branches  are  sharply  three-lobed  or  some- 
times three  divided. 

In  this  plant  we  lind  a  second  cleavage  plane  formed  between  the 
petiole  and  leaf  blade  so  that  instead  of  the  leaves  falling  in  the  usual 
way  the  blade  is  shed  and  tlic  petiole  remains  attached  to  the  stem  until 
late  in  the  winter. 

Due  to  the  difference  in  density  of  structure  in  the  stem  and  petiole, 
it  is  difficult  to  secure  satisfactory  residts  in  the  formation  and  structure 
of  the  cleavage  plane  of  that  region.  But  when,  as  in  this  plant,  there  Is 
a  second  cleavage  plane  formed  between  the  petiole  and  blade,  it  Is  com- 
paratively easy  to  trace.  Tliere  is  a  lirealving  down  and  spreading  of 
the  traclieary  tissue  an<l  the  f(»rmati<m  of  a  layer  of  small  cells,  causing 
a  complete  disconnection  l)etween  the  tracheary  tissue  of  the  letff  and 
I)etlole,  as  is  denionstratid  by  tlie  illustration. 


Some  Rare  Indiana  Birds. 
Amos  W.  Bi'tler. 
The  following  notes  are  supplemental  to  those  presented  at  the  meet- 
ing of  the  Academy  in  181)0,  whicli  wer(»  printed  in  the  proceedings  for 
that  year: 

PlIALACUOCOUAX  DILOIMIUS  FLOiaOANTTS  (And.). 
Florida  Curmurant-  A  bird  of  tliis  species  was  killed  September  28, 
1002,  at  Morris  Street  bridge  over  Wiiite  River,  in  tlie  city  of  Indianapolis. 
It  was  obtaintHl  l)y  Fletcher  M.  Noe. 

TKLKCANUS  i:UYTIIU()RHYX(^IIOS  (huel. 
White  PcUvan.—TMS'o  were  killed  on  White  River  April  25,  19(>2.  by 
Harry  Sai)pentield.    The  locality  is  given  as  between  the  farms  of  Frank 
C.  Lory  and  A.  II.  Taylor,  in  Knox  County.    It  is  reported  the  birds  will 
be  mountetl.    (E,  J.  Chausler.) 
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Fletcher  M.  Noe  informs  me  he  saw  a  specimen  which  was  killed  Oc- 
tober 12,  1902,  near  Martinsville,  but  was  unable  to  obtain  it 

C.  K.  Muchmore  wrote  me  that  a  flock  of  thirty-seven  White  Pelicans 
"stopped  over"  at  the  pond  of  the  Cincinnati  Ice  Company,  two  miles 
soutli  of  Laurel,  September  29,  1902.  Two  of  them  were  killed  by  a  boy. 
Earl  Masters,  who  brought  them  to  my  informant.  The  next  morning  he 
received  a  third  specimen  from  Earl  Bossert,  of  Brookville. 

From  another  source  I  learn  that  the  bird  last  mentioned  was  one  of 
two,  possibly  from  the  same  flock  previously  noted  near  Laurel. 

TANTALUS  LOCULATOR  (Linn.). 

Wood  /6w.— Though  the  Wood  Ibises  were  formerly  found  irregularly 
in  some  numbers  in  southern  Indiana,  and  doubtless  were  summer  residents 
and  bred,  they  have  not  been  reported  for  several  years.  These  peculiar 
birds,  sometimes  called  "gourd  heads"  from  their  odd,  naked  heads  and 
long  heavy  bills,  were  formerly  found  in  the  lower  part  of  the  White 
Water^nd  Wabash  valleys.  To  the  latter  they  occasionally  recur.  With 
the  increasing  warfare  upon  our  larger  birds  especially  and  the  rapidly 
diminishing  area  of  suitable  range,  they  lessened  in  numbers  for  years, 
and  more  recently  none  have  been  observed  by  any  one  who  noted  them. 
Through  tlie  most  of  August  and  September  last  they  were  found  in  con- 
siderable numbers  in  suitable  places  in  the  lower  Wabash  Valley.  The 
earliest  date  reported  was  August  10,  near  Montezuma,  Indiana,  when  a 
single  specimen  was  seen.  The  latest  occurrence  was  from  the  same 
vicinity  September  28. 

The  following  data  from  Mr.  I).  W.  Overman,  of  Montezuma,  is  inter- 
esting: 

"On  August  10  I  saw  a  single  specimen  in  a  dead  elm  at  the  Goose 
Pond  about  two  miles  north  of  this  place,  in  the  Wabash  bottoms.  On 
12th  saw  ten  or  twelve  more.  Tlie  17th  an  old  fisherman  brought  me  a 
specimen,  and  another  the  18tli.  From  the  14th  they  were  of  daily  occur- 
rence and  wore  soon  passing  nortli  along  the  Wabash  in  flocks  varying  in 
nnmbor  from  four  to  150  or  200.  Tlie  one  wliose  head  I  sent  you  was 
taken  the  IStli,  by  Mr.  Clias.  Doss,  from  a  flock  of  twenty-flve  or  thirty, 
and  was  'using'  along  the  Wabash  just  south  of  town.  Tlie  specimen 
brought  me  by  Mr.  Tombs,  of  Arcadia,  was  taken  the  18th  near  the  town. 

"I  killed  one  August  24  at  Goose  Pond  from  a  flock  of  thirty-five  or 
forty.    They  were  last  reported  as  being  seen  September  28." 
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So  wo  have  it  sinnnuHl  up:  First  seen  Aiijrnst  10,  became  common 
about  14tli,  last  seen  Septemlier  28.  stragjjlers  from  tlie  2(>th  to  28th. 

Wood  Ibises  were  also  reported  as  numerous  along  the  Wabash  River 
in  Posey  County.  l*aul  J.  Hartmnn,  New  Harmony,  has  very  kindly  re- 
lM)rt(»d  to  nie  sueli  information  as  he  has  been  able  to  collect  in  that 
county.  He  says:  "In  regard  to  the  Wood  Ibis,  I  will  say  that  I  have 
seen  it.  On  August  12  about  sundown,  I  saw  ten.  1  was  positive  of  their 
identity.  They  came  down  the  river  flying  rather  low,  and  alighting  in 
a  large  willow  thiclvet,  went  to  roost.  The  next  evening  I  saw  another  at 
the  same  place,  but  it  flew  on  down  the  river.  On  the  15th  I  saw  twenty. 
They  went  down  tlie  river.  On  the  l(>th,  at  the  same  place,  I  saw  more 
than  I  couhl  count,  certainly  more  than  a  hundred.  I  saw  all  at  the  same 
point  of  observation,  and  at  tlie  same  time  of  da}',  al>out  sunset.  With 
the  exception  of  the  first  ones,  they  did  not  stop. 

I  And  the  Wood  Ibises  were  quite  common  at  Hodge's  Landing,  a1)Out 
six  miles  below  New  Harmony,  during  the  middle  of  August.  They  were 
very  tame  and  a  number  were  IvilliMl.    The  skins  were  not  preserved. 


FLORIDA  C.KRULKA  Linn. 
Little  HI  lie  //crow.— A  specimen  of  this  southern  species  which  as  been 
known  to  breed  In  suitable  restricted  localities  in  southwestern  Indiana, 
has  been  received  by  the  State  Muscmm.  It  is  an  immature  bird  In  the 
white  plumage,  and  was  killed  by  John  Michaels  near  Balnbrldge,  Put- 
nam C(mnty,  Indiana,  August  10,  1002.  A  few  other  white  herons  Imve 
been  reporte<l  from  <lifrerent  lo<*alitie.s,  including  Posey,  Knox  and  Kos- 
ciusko counties.  Possildy  some  of  tliesc*  were  of  this  species,  but  the 
<*han<'es  are  they  were  American  Egrets,  UnoditiH  v<jrvtta  (Gmel.)  or  per- 
haps some  of  them  Snowy  Herons,  Htjtrtta  vuudidiHxiitia  ((Jmel.). 

PHALAROPUS  LORATUS  (Linn.). 

Northern  PhaUirope.—  x  specimen  of  this  rare  bir<l  was  taken  at  Millers, 
Indiana,  September  1,  10(H>,  by  R.  S.  Turtle,  according  to  information  re- 
cently receive<l  from  Mr.  Frank  M.  Woodruff,  of  the  Chicago  Academy  of 
Sciences.    This  is  the  fourth  specimen  reported  as  taken  in  the  State. 

The  gathering  of  peculiarly  maritime  spwies  of  birds  along  our  great 
lakes  each  fall  is  a  very  interesting  fact.    They  l»egin  to  appear  alK>ut  the 
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commeucement  of  the  second  quarter  of  August,  are  most  numerous  be- 
tween the  middle  of  that  month  and  mid-September,  and  generally  are 
scarce  after  October  1.  Some,  however,  occasionally  linger  until  cold 
weather.  Reference  has  elsewhere  been  made  to  this  but  attention  is 
called  to  It  again  because  of  information  received  of  the  occurrence  of 
some  rare  species  since  tlie  last  report. 

NUMENIUS  HUDSONICUS  Lath. 
Hudsonian  Curlew.— Mr.  F.  M.  Woodruff  states  a  fine  Hudsonian  Ciir- 
lew  was  taken  at  Calumet  Heights,  Indiana,   August  3,  1002,   by   R.   S. 
Turtle.     It  is  a  very  rare  migrant  in  Indiana. 

TRINGA  CANUTUS  Linn. 
Knot.— Mr.  F.  M.  Woodruff  reports  the  capture  of  a  specimen  of  this 
world-wide  sea-side   wanderer  near  Millers,   Indiana,   in   IDOl.     He    has 
kindly  placed  in  my  collection  a  specimen  taken  at  the  same  place  to  verify 
the  Indiana  record. 

ARENARIA  INTERPRES  (Linn.). 
Turnstone.— Mr.  Woodruff  also  obtained  one  of  these  birds  near  the 
same  place  August  9,  11X)2.    This  is  early  for  these  seashore  species.    They 
are  said  to  be  in  exceptionally  rich  plumage. 

MICROPALAMA   HLMAXTOPUS  (Bp.). 
HtUt  Siinidpiper.—A  specimen  of  this  rare  Sandpiper  was  taken  at  Mill 
Pond,  near  Greencastlo,  April  10,  ISOO.  by  Alexander  Black.     This  is  the 
second  record  of  which  I  know  for  Indiana.     Mr.  Black  lias  kindly  de- 
posited the  specimen  in  my  collection  to  verify  the  record. 

ECTOPISTES  MHJRATORIUS  (Linn.). 
PasHemjer  Pigeon.— The  only  record  of  the  Wild  IMgoon  I  have  been 
able  to  obtain  since  that  of  June  10,  1800,  was  rec-eived  last  spring  through 
the  kindness  of  Mr.  Fletcher  M.  Noe  of  this  city.  From  him  I  learned 
that  Mr.  Chas.  K.  Muchmore,  of  Laurel,  Indiana,  had  obtained  a  speci- 
men of  this  very  interesting  bird  which  was  taken  near  that  place  last 
spring,  April  3.  nK)2.    Of  this  Mr.  Muchmore  says: 
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"The  bird,  which  is  a  beautiful  male,  was  taken  by  a  young  man 
named  Crowell.  near  his  lionie,  about  two  and  one-half  miles  southwest 
of  this  place.  He  reported  that  there  were  two.  He  heard  the  bird  cooing 
and  shot  it  and  brought  it  to  me,  having  concluded  that  it  was  something 
new.  You  can  imagine  how  we  almost  toolc  it  away  from  him  when  he 
-  unrolled  it  out  of  a  bloody  old  newspaper  and  began  to  Inquire  if  we  knew 
what  it  was.  1  was  convinced  that  I  saw  a  flock  of  live  Passenger  Pigeons 
one  day  in  the  spring  of  11)01,  but  had  never  said  much  about  it  as  I  only 
saw  thorn  flying  nn<l  at  a  distance  and  it  seemed  ratlier  improbable.  I 
used  to  see  them  occasionally  in  Iowa  al>out  1SS2-3,  and  although  I  was 
then  very  small,  the  specimen  was  not  new  to  me,  and  I,  of  course,  at 
once  recognized  the  same." 

Mr.  Muchmore  in  a  I'ecent  letter  says  he  heard  of  a  small  flock  near 
Laurel  last  fall  (1902). 


The  Catalpa  Sphinx  (Cerato.mia  Catalp.e)  Destroybd  by  the 

Yellow-Billed  Cuckoo  (Cocrvzus  Americanus) 

IN  Southern  Indiana. 

F.  M.  Webster. 

This  paper  was  suggested  by  the  receipt  of  a  letter  from  Mr.  A.  W. 
Butler,  calling  attention  to  a  statement  made  by  Mr.  John  B.  EUiott,  a 
very  observing  farmer  of  New  Harmony,  Indiana,  w^ho  stated  that  the 
catalpa  trees  in  his  neighl)orhood  had,  until  recently,  been  defoliated  by 
a  large  worm,  but,  recently,  this  worm  had  nearly  disappeared,  having 
been  eaten  by  the  Cuckoo  or  Rain  Crow,  as  they  are  termed  in  the  South. 

There  did  not  appear  to  be  any  doubt  about  the  food  habit  of  the  bird, 
though  there  is  but  one  other  similar  observation  on  record,  the  only 
question  being  as  to  the  identity  of  the  worms.  Now,  the  catalpa,  like 
the  ailanthus,  and  the  Chhia  tree  of  the  Gulf  States,  has  very  few  ene- 
mies, and  there  is  no  chance  of  mistaking  the  larvae  of  the  catalpa  sphinx 
for  any  other  insect.  On  the  other  hand,  there  is  no  data  whatever  in 
possession  of  the  division  of  Biological  Survey  of  the  United  States  De- 
partment of  Agriculture,  showing  that  this  bird  ever  attacks  the  catalpa 
sphinx,  though  the  stomachs  of  ninety  birds  have  been  examined.  Several 
other  species  of  Sphingidse  do  not  fare  so  well.    Two,  Deilephila  lineafn 


100 

and  Phleyethott tilts  scrta,  are  frequently  taken  by  these  birds.  There  hardly 
seems  a  doubt  about  the  correi'tness  of  Mr.  Klliott's  observations,  and  I 
give  these  facts  in  order  to  show  tlieir  value.  The  cataipa  is  planted  as 
far  north  as  extreme  northern  Indiana  and  Illinois,  but  the  cataipa  sphinx 
does  not  occur  north  of  about  the  latitude  of  Vincennes,  in  this  State, 
Flora,  in  Illinois  and  extreme  .southern  LawTence  County,  in  Ohio.  On* 
the  Atlantic  Coast  it  is  steadily  working  its  way  northward,  being  now 
seriously  abundant  al>out  I*hiladelphia,  wliich  is  in  the  latitude  of  Colum- 
bus, Ohio,  and  almost  that  of  Urbana,  Illinois^.  It  was  abundant  at  Flora, 
Illinois,  as  far  back  as  1875,  but  seems  to  have  progressed  no  farther 
northward.  The  insect  has  this  i)eculiarity:  The  female  will  deposit  to 
the  number  of  1,(KK)  eggs  in  a  mass  on  a  single  leaf  and  the  young  are  for 
a  considerable  time  after  hatching  thoroughly  gregarious,  so  that  while  a 
single  tree  or  a  row  of  trivs  may  be  defoliated  by  the  larvje,  other  trees 
in  the  neighborhood  may  entirely  esi*a])e.  This  gives  the  enemies  of  the 
larvtR  an  opportunity  to  literally  exterminate  a  colony  In  short  order. 
Mr.  W.  H.  Edwards,  a  lepidopterist  of  Coalburgh,  West  Virginia,  some 
years  ago,  recorded  the  sudden  appearance  of  this  insect  in  his  locality 
for  the  first  in  IHlXi,  and  the  as  sudden  disaiipearnnce  the  following  year. 

The  cataipa  sphinx  is  like  its  food  plant,  a  soutliern  si>ecies;  the 
Sphingida?  are  a  tropical  fannily  for  tliat  matter,  and  it  is  interesting  to 
note  that  .Judge  Lawrence  .Tohnson  observed  the  attacks  of  the  Cuckoos, 
both  species,  on  these  larva*  in  18S;^,  in  Alabama.  The  Cat  Bird  and  the 
Baltimore  Oriole  are  both  known  to  feed  upon  them. 

Besides  the  birds  there  are  several  insect  enemies  of  the  cataipa 
sphinx,  two  being  species  of  Tachinid  flies,  fJuplwrocvra  vlaripruniM  and 
Frotitina  frrnrhii.  A  Hymenopter.  A  pantries  contnruatus  also  destroys  a 
large  number  of  the  larva\  As  I  found  many  of  these  caterpillars  on 
cataipa  trees  al>out  Princeton,  Indiana,  late  in  August.  1002.  with  nu- 
merous eggs  of  the  Tachinid  flies  attached  to  their  i)odies.  there  is  no 
doubt  but  what  they  are  doing  their  full  share  in  keei>ing  the  insect  in 
check. 

I  might  say.  in  addition  to  tlie  foregoing,  that  this  Cuckoo  is  exceeding- 
ly fond  of  anotlier  cateri)illar.  Datnnn  untjusii,  wliicli  so  frequently  de- 
foliates the  walnut  and  hickory  trees  in  midsummer.  Here,  too,  we  have 
the  work  of  the  Tachinid  flies  ])reviously  mentioned,  and  while  at  Purdue 
T.^niversity,  several  years  ago,  I  observed  a  case  of  excessive  parasitism, 
on  the  larva*  of  a  closely  allied  si>ecies,  Datnmi  contrmta.    On  four  of  the 
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entorpillnrs  of  the  latter  species  I  countiKl  respectively,  115,  131,  213  and 
228  egj?s  of  these  parasites.  I  mention  this.  seeniinKb*  disconnected  cir- 
cumstances, becausi^  the  same  species  of  Cuclioo  is  fimd  of  all  these  cater- 
pillars, and  we  are  met  with  tliat  perpetual  puzzle  to  economic  ento- 
molojjists,  viz.,  to  determine  the  exact  economic  value  of  an  organism. 
If  the  bird  at(»  only  the  unparasitized  caterpillars,  it  would  bo  wholly  bene- 
ficial, but,  on  the  oth<»r  liand.  if  it  devours  i)arasitized  caterpillars,  it  has 
done  no  jrood,  because  these  would  have  di€»d  in  any  case,  and  has  done 
actual  harm,  because  it  has  destroyed  beneficial  insects. 


XoTEs  ON  Rbared  IIymen(iptera  from  Indiana. 
F.  M.  Webster. 

The  material  uiM)n  which  this  list  is  basetl  was  obtained  during  two 
trips  to  soutliern  Indiana,  tlie  first  late  in  August  and  the  last  late  in 
October.  11)02.  while  in  tlie  en>i)h»y  of  the  Ignited  States  Department  of 
Agriculture,  and  malxing  some  si»ecial  investigations  of  certain  Insects 
attacking  growing  wlieat.  My  first  intention  was  to  i)resent  a  paper  that 
would  include  only  sucli  sjx'cies  as  were  n(»w  to  science,  but  I  have  in 
addition  to  such,  found  so  many  forms  that  are  new  to  the  State,  and 
others  discovered  by  me  about  Lafayette,  j-ears  ago,  but  of  whose  habits 
nothing  was  known,  have  been  farther  investigattMl,  throwing  new  light 
on  their  lif(»  history  and  habits,  that  I  later  decided  to  include  all  of  the 
Hymenoi)tera  reared  by  me.  but  not  ju'eviously  reported  as  inhabiting 
Indiana.  I  niay  add  tiiat  the  nature  of  my  investigations  required  that 
considerabh*  quantities  of  wheat  stubble,  and  the  stems  of  Elymua  can- 
ndcmi^  and  K.  vinjiniriin^  Tricui*pin  m'Hlrnmle^  and  Jimmus  seralinuM,  the 
latter  being  the  common  cheat  of  the  wheatfields.  be  collected  and  the 
fsoHomn  and  other  insects  inhabiting  these  stems  sei-ured.  The  steins 
of  tlu^e  glasses  an<l  the  wheat  stubble  were  collected  and  placed  in  paste- 
board boxes  so  that  ev(»rything  dev(»loping  within  them  was  thus  secured. 
It  will  be  obw^rved.  then,  that  tlie  luMnu*  object  of  my  rearings  was  to  de- 
termine the  foixl  plants  of  the  Tmmmn,  the  i)arrisitic  species,  though  of 
much  importance,  were  of  secondary  signification  in  these  studies. 

IsostHiifi  (fnimlc,  which  T  rearwl  about  Lafayette,  during  the  years  1884 
to  1SS<»,   and  establisheil  tlie  fact  of  a  dimorphism   and  alternation  of 
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generations  before  unknown  among  these  insects  In  this  country,  was 
represented  in  my  rearings  from  wlieat  stubljle,  collected  from  about 
New  Harmony  and  Princeton,  by  the  spring  form  minutum. 

Isosoma  tritici  Fitch  was  also  reared  from  wheat  straw  from  these 
localities.  Specimens  of  the  latter  occurring  among  the  former  are  quite 
strongly  contrasted,  the  latter  being  quite  large  for  those  insects  and  pos- 
sessing fully  developed  Avings,  whereas  the  former  are  much  smaller  and 
wingless.  Reared  also  from  Elymns  virgiuivus,  an  entirely  new  food  plant 
for  the  species. 

jKOHoina  mnvulutum  Howard  was  roared  in  considoralde  numbers  from 
the  stems  of  clieat,  Bromiis  Hcealinns.  Tlie  species  was  described  from 
individuals  collected  by  me  al)Out  I^ifayette  during  .Tune,  1885,  and  May, 
188G,  but  the  food  plant  has  up  to  this  time  remained  unlcnown. 

Isosoma  alhomaailatus  Ashmead,  originally  described  from  West  Vir- 
ginia, was  reared  from  Bronius  secaHnus  in  great  numbers,  also  to  a  lesser 
extent  from  the  stems  of  FAymus  viriiinicus. 

Isosoma  elymi  French  was  reared  in  profiision  from  FAymus.  This 
species,  at  one  time  supposed  to  be  a  wliuat  insect,  confines  itself  strictly 
to  the  grasses.  I  have  never  reared  it  from  wheat  straws  and  liave  never 
reannl  Isosoma  yrandc  from  anything  else  except  wlieat. 

Isosoma  (flavipcs)  IwnUi  HaiTis  was  reared  from  stems  of  Klymns  can- 
adensis and  in  siich  numbers  as  to  give  economic  importance  to  the  fact. 
The  rearing  of  the  Joint  Worm  species,  /.  hordei,  and  one  of  the  wheat 
straw  worm  species,  /.  tritici,  from  Elymus,  both  of  which  are  wheat  In- 
sects, shows  very  plainly  that  though  the  farmer  may  overcome  these  in 
his  cultivated  fields,  unless  he  is  careful  to  destroy  these  grasses  growing 
along  roadsides  and  in  uncultivated  fields,  a  continual  reinfestation  will 
be  going  on,  and  he  must  fight  his  foes  in  the  grasses  as  well  as  in  his 
cultivated  grains.  Besides  these,  there  is  a  species  of  Isosoma,  of  which 
I  have  only  been  able  to  rear  the  male,  but  the  larvie  of  which  infest  the 
stems  of  Tricvspis  sesleroides,  and  I  have  reared  these  from  stems  col- 
lected near  Orleans,  Indiana.  There  is  probably  still  another  species  of 
Isosoma,  at  present  not  distinguishable  from  /.  hirtifrons  Howard.  This 
last  had  until  now  been  Ixuown  only  from  rye  straw  in  California.  I  did 
not  rear  this  from  Indiana,  biit  in  Illinois  the  common  cheat,  Bromus 
secaUnus,  appears  to  be  its  sole  food  plant.  The  larvae  are  found  in  the 
stems,  and  as  the  stems  of  cheat  in  Indiana  contain  an  abundance  of 
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larviT*  it  is  not  uiililvoly  that  those  of  this  sprcies  are  among  thorn.  It  is 
not  unlilvoly  to  bo  foinul  infosting  rye  also. 

Torymua  spV  This  is  parasitic  on  the  Isosonia  larvre  infesting  the  stems 
of  Tricuspis. 

Anotlior  spooios  of  parasitic  Ilymonoptora  has  been  dotorniinecl  as  n 
now  species  of  a  new  goniis  of  the  family  Encyrtidw. 

Eurytoma  nov.  sp.  This  was  reared  from  the  stems  of  Elymus  can- 
ndcnsia,  the  adults  emerging  in  late  August. 

Paraptcromalua  isosomatis  Ashmead,  nov,  gen.  et.  sp.  This  is  parasitic 
on  a  cell  inhabiting  IsoHomo,  affecting  Elynnts.  The  adults  appear  In  late 
summer  and  at  once  proceed  to  oviposit  in  the  occupied  cells  of  the 
Isosomas.  That  is  to  say,  they  have  developed  in  the  bodies  of  their 
hosts  while  the  latter  have  been  in  the  process  of  development  and,  now, 
oviposit  in  the  fully  grown  larvrt\  there  being  thus  two  broods  of  the 
parasite  to  one  of  the  host. 

Coccidencyrtus  flnvus  Ashmead,  nov.  sp.  This  is  doubtless  connected 
in  some  manner  with  a  coccid  that  inhabits  the  stems  of  Elymua. 

OUyosita  amcricfina  Ashmead,  nov.  sp.  This  is  an  egg  parasite  and 
belongs  to  a  genus  not  before  reported  from  America.  A  single  species 
is  known  from  Europe  and  three  from  the  island  of  Ceylon. 

Eluismuit  u'thsteri  Ashmead.  nov.  sp.  Reared  from  either  the  stems  of 
Elymus  or  from  the  stubble  of  wheat,  in  either  case  it  is  probably  in  some 
way  connected  with  some*  species  of  Isosoma. 

A'atithoenvyrtus  fiiyroclanis  Ashmead.  nov.  gen.  et.  sp.  Keared  from 
.stems  of  Elymus,  but  not  probably  in  connection  with  the  Isosomas. 

The  following  were  rear<»d  in  considerable  numbers  from  leaves  and 
stems  of  gi'asses  about  Champaign  and  Urbana,  Illinois,  within  which  the 
host  Insects  were  feeding,  and  dou])tless  are  to  be  found  in  Indiana  also. 

Polyncura  citriycH  Ashmead,  nov.  sp.  Reared  from  stems  of  Erayrostls 
poaoides,  an  egg  parasite  whose  exact  host  is  unknown. 

Pcdobius  icchftteri  Ashmead,  nov.  sp.  Parasitic  on  a  dipterous  leaf 
miner  affecting  Panicitm  pro! i form  by  mining  in  the  tips  of  the  leaves. 
As  I  have  found  the  same  leaf  attack  in  various  localities  In  Indiana, 
presumal)ly  done  by  the  same  dipterous  insect,  it  Is  not  at  all  unlikely 
that  the  parasite  Is  also  found  in  Indiana,  as  I  have  reared  them  iu  great 
numbers  from  about  Urbana,  Illinois.  Only  one  other  species  of  this 
genus  Is  known,  and  it  is  also  a  dipterous  parasite. 
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Preliminary  List  of  (tall-Producing  Insects  Common  to 

Indiana. 

Mel  T.  Cook. 

For  the  past  two  years  the  writer  hap  been  very  much  interested  in 
gall-producing  insects  and  in  the  structures  produced  by  Yhem.  Among 
other  very  interesting  pliases  of  this  problem  is  tlie  question  of  distribu- 
tion. We  Ixuow  very  little  of  the  distribution  throughout  the  country  and 
nothing  of  the  distrilnition  in  Indiana. 

My  collection  ot  galls  includes  over  200  species,  collected  in  the  states 
of  Illinois,  Indiana  and  Ohio.  Those  collected  in  Indiana  are  all  from 
Putnam  County  and  about  seventy  species  are  included.  Of  this  num]>er. 
I  have  accurately  determined  forty  species.  These  forty  species  represent 
five  orders  (including  Acarina)  and  eighteen  genera.  The  host  plants 
represent  ten  orders,  twelve  families  and  foiu'teen  genera. 

The  order  and  families  of  the  host  plants  are  the  following: 

Orders.  FamUicH. 

Salicales,  Salicaceae. 

Jnglandales,  Jnglandaceae. 

Fagales,  Fagaceae. 

Urticales,  Ulmaceae. 

(  Hamamelidaceac. 

Resales,  <  Rosaceae. 

L  Caesalpiuaceae. 

Sapiudales,  Aceraceae. 

Rhamnales,  Vitaceae. 

Malvales,  Tiliaoeae. 

Grentianales,  Oleaceae. 

Campauulales,  Compositeae. 

The  following  is  a  list  ot  the  insects  and  host  plants  known  positively 
to  occur  in  Indiana: 

HEMIPTERA. 

1.  Hormapbis  hamamelis,  Fitch — Hamamelis  Virginiana  L. 

2.  Colopha  ulmicola,  Fitch — Ulmus  Americana  L. 

3.  Pemphigus  ulmi-fusos,  Walsh — Ulmus  Americana  L. 

4.  Scbizonenra  Americana,  Riley — Ulmus  Americana  L. 
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6.  Phylloxera  caryae-avenae,  Fitch — Hicoria  alba  (L)  Britton. 

6.  Phylloxera  caryae-globnli,  Walsli — Hicoria  alba  (L)  Britton. 

7.  Phylloxera  caryae-fallax,  Riley — Hicoria  alba  (L)  Britton. 

8.  Phylloxera  caryae-caulis,  Fitch — Hicoria  alba  (L)  Britton. 

9.  Pliylloxera  caryae-depressa,  Sliimer — Hicoria  alba  (L)  Britton. 

10.  Phylloxera  vastatrix,  Planchon — "iLr.^.    ,.     ,      -r  '^     ^ 

((Vitis  bicolor  LeConte. 

11.  Pacliypsylla  c^ltidiH-mammae,  Riley — Celtis  occidentalis  L. 

LEPIDOPTERA. 

12.  Trypeta  solidaginis,  Fitch — Solidago  Canadensis  L. 

13.  Gelecliia  gallae-solidagiuis — Solidago  Canadensis  L. 

DIPTERA. 

14.  Cecidomyia  verrucicola,  O.  S. — Tilia  Americana  L. 

15.  Cecidomyia  pilulao,  Walsh — Qnercns  sp.  (many  species). 
1«.  Cecidomyia  salicis-strobiloides,  Walsli — Salix  sp 

IT.  Cecidomyia  salicis-semen,  Walsh — Salix  sp . 

18.  Cecidomyia  salicis-siliqua,  Walsh — Salix  sp . 

19.  Cecidomyia  salicis-aenigma,  Walsh — Salix  sp 

2().  Cecidomyia  gleditschae,  O.  S. — Gleditsia  triacantlios  L. 

21.  Cecidomyia  solidaginis,  Loew — Solidago  Canadensis  L. 

22.  C-ecidomyia  pellex,  O.  S. — ^Fraxinus  Americana  L. 

HYMENOPTERA. 

23.  Andricu.s  seminator,  Harris — Quercus  alba  L. 

24.  Aiidricus  i)etiolicola,  Bassett — Quert»us  sp . 

25.  Andricus  palustris,  O.  S. — Quercus  i>aluKtris  Du  Roi. 
28.  Andricus  clavula,  O.  S. — Quercus  alba  L. 

27.  Andricus  papillatns,  O.  S. — Quercus  s\y . 

28.  Amphibolips  inanis,  ().  S.— Quercus  rubra  L. 

29.  Amphibolips  confluentus,  Harris — Quercus  sp . 

:M).  Callirhytis  tumifica,  O.  S. — Quercus  alba  L. 

31.  Holcaspis  centricola,  O.  S. — Quercus  palustris  DuRoi. 

32.  Holcaspis  globulus,  Fitch— Quercus  alba  L. 

33.  Biorhiza  forticomis,  Walsh — Quercus  alba  L. 

34.  Acraspis  erinaceie,  Walsh — Quercus  alba  L. 

35.  Rhodites  bicolor,  Harris — Rosa  sp . 
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ACARINA. 


36.  Phytoptus  abnormis,  Garman — Tilia  Americana  L. 

37.  Phytoptus  acericola,  Garman — Acer  saccharinnm  L. 

38.  Pliytoptus  quadripes,  Shimer — Acer  sacchariuum  L. 

39.  Pliytoptns  ulmi,  Garman — Ulmns  Americana  L. 

40.  Erineum  anomalum — Juglans  nigra  L. 

From  tho  above  lists  it  will  be  seen  that  we  have  representatives  from 
every  order  of  insects  which  produce  galls,  except  Coleoptera. 

Doubtless  the  number  of  gall-producing  insects  in  Indiana  will  far 
exceed  300  species.  I  should  be  very  glad  if  members  of  the  Academy 
Avill  send  specimens  to  me.  Specimens  may  be  sent  either  fresh  or  dry 
or  In  formalin.  Always  send  enough  of  the  host  i)lant  to  enable  deter- 
mination. 


Notes  on  Deformed  Emrryos. 
Mel  T.  Cook. 

It  is  well  known  that  extremes  of  temperature  will  produce  malformed 
embryos,  but  it  is  also  probal)le  that  nnilformations  may  result  from 
other  causes. 

Last  spring  the  students  in  my  class  in  eml)ryology  found  a  very  large 
number  of  deformed  chiclv  eml)ryos.  Tlie  most  common  malformation 
was  two  or  more  l)last(KhMins.  but  in   many  cases  the  embryos  did  not 


develop  beyond  the  formation  of  the  primitive  streak.  The  farthest 
developed  and  most  remarkable  deformity  was  in  the  case  of  two  embryos 
so  placed  that  anterior  ends  were  joined  and  the  posterior  ends  extending 
in  opposite  directions.     Judging  from  the  mesoblastic  somites,  the  em- 
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bryos  were  about  fort3'-oight  hours  of  incubation,  there  being  eleven  well- 
defined  somites  in  one  and  sixteen  in  the  other.  The  neural  canal  was 
partially  closed,  but  only  one  brain  vesicle  in  each  case  was  developed. 
Between  the  two  anterior  ends  was  a  mass  of  much  distorted  structures 
and  apparently  including  several  gill  arches. 

The  eggs  were  secured  from  reliable  parties,  and  I  have  every  reason 
to  consider  them  fresh  and  that  they  had  been  properly  cared  for.  My  as- 
sistant assures  me  that  the  temi>erature  of  the  incubator  was  regular  and 
that  all  conditions  were  normal. 

The  slide  from  wliich  the  drawing  Avas  made  was  prepared  by  Mr. 
Charles  Sudranski. 


TiiE  Lake  Laboratory  at  Sandusky,  Ohio. 
Mel  T.  Cook. 

The  past  few  years  lias  witnessed  a  wonderful  increase  in  facilities 
for  biological  work.  Among  the  most  noticeable  features  has  l>een  the 
estjii)lislimont  of  summer  laboratories  especiallj'  adapted  for  biologlcul 
research  until  we  now  have  six  marine  and  a  larger  number  of  inland 
laboratories.  Since  tlio  chanu'ter  of  liiological  work  is  so  dependent  upon 
tlie  locality,  and  since  each  locality  i)resents  certain  problems  peculiar  to 
itself,  each  of  tliese  lal)oratories  has  certain  advantages  over  its  friendly 
rivals  and  the  itinerant  l>iologist  has  tlie  oi>portunity  of  reaping  the  bene- 
fits from  all.  He  meets  liis  fellow-worker  and  studies  the  varied  fauna 
and  flora  under  the  most  favorable  conditions. 

Among  the  earliest  of  these  laboratories  was  the  Lake  Laboratory  at 

Sandusky,  Ohio,  which  was  first  opened  in  1895,  under  the  direction  of 

Professor  Kellicott,    of   the   Oliio    State   University.     In   1898   Professor 

Kellicrott  dieil  and  the  laboratory  came  under  the  direction  of  his  successor, 

Prof.  Herbert  Osl)orn,  tlie  present  director. 

The  laboratory  was  at  first  intended  for  investigation  only,  and  for 
the  first  four  seasons  was  used  by  only  three  or  four  workers.  In  1899 
there  were  fourteen  investigators  and  it  was  then  decided  to  offer  regular 
courses;  this  was  done  in  1000  and  each  su<»ceiHling  year.  For  the  past 
three  seasons  the  increase  In  interest  has  been  very  pronounced.  In  1902 
there  were  twenty-four  students  and  six  instructors;  of  the  twenty-four 
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Upper  Floor,  Lake  Laboratory. 


Proposed  Site. 
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students,  sixtoon  wcio  jcnuhiati's  and  eijjht  of  tlic«o  wore  cMiKng«'d  in 
invostigatlons. 

The  la])oratory  is  under  the  control  of  the  Ohio  State  TJuiversity  and 
under  tlie  <lireft  management  of  the  I*re8ident  of  the  University  and  of 
the  director.  The  equipment  consists  of  thr€»e  Ixmts  ami  the  necessary 
dnMljres  for  worlving  on  tlie  a<iuatic  fauna  and  flora.  The  microfM?oi>e8, 
microtomies,  other  ai^paratiis  and  lil>rary  are  sup|>lied  from  the  Ohio  8tate 
University  lal)oratories. 

Thus  far  tlie  work  has  ]>een  conductwl  in  tlie  building  of  the  Ohio 


Cedar  Point  Beach,  Loolcing  West. 


State  Fisli  Commission,  but  ajipropriatiims  have  l>een  made  for  the  erec- 
tion of  a  new  l)uilding  especially  for  this  work.  It  is  expected  that  this 
building  will  be  ready  for  use  in  V.H):\.  This  will  give  more  and  l>etter 
facilities  to  meet  the  increasing  demands.  Ami>le  arrangements  will  l>e 
made  for  the  general  courses,  both  for  students  and  for  teachers  in  the 
swondary  schools.  S])ecial  efforts  will  be  made  to  accommodate  advanced 
students  in  graduate  courses  and  to  provide  opportunities  for  independent 
research  by  investigators  in  the  many  fields  of  biology. 

While  the  control  of  the  laboratory  will  probably  remain  with  the 
Ohio  State  T'niversit.v,  other  institutions  will  be  invited  to  co(5i)ernte  and 
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every  effort  will  l>e  made  to  make  the  laboratory  of  special  service  to 
the  biologist  of  the  iuland  states. 

The  location  is  accessible  from  all  parts  of  the  Central  West.  The 
climate  is  healthful  and  condiicive  to  summer  work. 

The  flora  is  one  of  the  richest  in  the  country.  According  to  Mosely's 
"Sandusky  Flora"  it  contains  300  more  species  than  have  been  reported 
from  any  other  locality  of  like  dimensions  in  the  State  of  Ohio.  The  flora 
is  also  more  extensive  than  that  reported  from  other  parts  of  North 
America.  Most  plants  native  to  Ohio,  with  the  exception  of  those  charac- 
teristic of  the  Ohio  River  counties  and  Sphagnum  swamps,  are  found 
within  the  range  of  the  Sandusky  Flora.  It  also  includes  105  species  not 
reported  in  the  Canadian  catalogue  and  sixty-seven  species  not  known  in 
Michigan,  and  many  species  characteristic  of  western  and  southern  re- 
gions. 

This  wonderful  flora  is  due  largely  to  the  climate  and  geology,  the 
lake  protecting  the  south  shore  from  the  cold  winds  of  the  north  and  thus 
allowing  many  southern  plants  to  extend  their  northern  limits. 

The  lake,  the  bays,  the  marshes,  the  rivers,  the  deep  ravines,  the  rocky 
shore  line,  the  mud  and  sand  beaches,  the  sand  dunes,  the  various  kinds 
of  soil,  the  prairie,  and  the  woods,  all  tend  to  give  desirable  conditions 
for  this  very  rich  and  striking  flora. 

All  of  the  above  conditions,  together  with  the  varied  food  supply 
furnished  by  the  rich  flora,  give  an  equally  varied  and  remarkable  fauna. 


Ill 


RK PORTS    FROM    THE    INDIANA   UNIVERSITY   BIO- 
LOGICAL STATION  AT  WINONA  LAKE  * 


(u   The  Individuality  of  thk  Maternal  and  Paternal  Chromo- 
somes IN  the  IFyurid  Between  Fundulus  IIetero- 
cLiTrs  AND  Menidia  Notata. 

W.  J.   MOENKHAl'S. 

[Abstract.] 

Ill  the  hybrid  betwcon  Fiindulufi  hetcrocUtus  and  Menidia  notata  it  Is 
possible  to  distinguish  the  chromosomes  that  come  from  each  parent. 
The  chromosomes  of  Fundulus  hetvrorlitus  are  long  and  straight  while 
those  of  Menidia  notata  are  short  a  Ad  slightly  c\n*ved.  This  difference 
they  maintain  in  the  liybrids.  They  can  best  l)e  distinguislied  during  the 
anaphases.  They  can  not  l3e  distinguished  in  the  resting  stage.  During 
the  first  two  cleavages  each  Ixind  of  chromosome  remains  grouped  bilat- 
terally  upon  the  spindle.  After  the  second  cleavage  they  become  mingled 
upon  the  spindle,  but  the  two  kinds  still  retain  their  individuality  and 
can  readily  be  identified  They  have  been  thus  traced  to  a  late  cleavage 
stage,  as  far  as  was  attempted. 


6.    An  Extra  Tair  of  AppENDA^iEs  Modified  for  Copulatory 
Purposes  in  Camharus  Viridis. 

W.  J.  MOEXKHAUS. 

Among  the  crayfishes  useil  for  dissection  in  the  laboratory  we  came 
upon  a  specimen  that  had  three  pairs  of  abdominal  appendages  modi- 
fied for  copulatory  puriwses.  This  is  the  first  time  I  have  ever  seen  such 
abnormality  and,  furthermore,  have  not  been  able  to  find  mention  In 
literature  of  a  similar  occurrence.  I  have,  therefore,  thought  it  worth 
while  to  make  a  note  of  it. 

The  specimen  belonged  to  the  species  viridis  and  was  about  three 
inches  in   length.     Unfortunately  the  specimen   had  been  so  much  mu- 

'^'(^ontrihiitioDfl  from  the  Zuiilogical  Laboratory  of  IndiiDaVniverBity  under  the  direC' 
tion  of  C.  11.  EigenmaDD.    No.  63. 
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tllated  in  the  disstK-tloii  by  the  time  the  ahuoriuality  was  noticed  that  it 
was  out  of  the  question  to  get  a  pliotogi'aph  of  all  the  appendages  in 
position.  I.  tlierefore,  preservtxl  the  apix'udages  and  give  herewith  a 
drawing  of  the  posterior  view  of  l>oth. 

The  first  and  second  pairs  of  appendages  were  modified  in  the  usual 
way  and  in  no  way  differed  from  the  corresponding  appendages  in  the 
normal  males  of  the  same  sjiecies.     The  additionally  modified  third  pair 


Fi^.  1. 

resemble  in  phm  almost  exactly  the  second  pair.  The  exopod  and  the 
segmente<l  flabellum  of  tlie  endoi)od  are  mucii  less  reduced  and  much  more 
extensively  provided  with  feathered  seta^  than  the  second  pair.  Tliey  are 
of  al)out  the  same  size  and  iii  position  converge  and  fit  against  tlie  second 
pair  of  appendages  mucii  In  tiie  same  manner  that  tliese  do  against  the 
first.  Whether  they  were  in  any  way  functional  I  am,  of  course,  unable 
to  say. 


i\    Description  of  a  New  Species  of  Darter  from  Tippecanoe 

Lake. 

W.   J.   MOENKHAUS. 

During  the  summer  of  180(»,  while  collecting  large  quantities  of  Per- 
cina  caprodes  in  Tippecanoe  T.ake.  a  single  large  specimen  of  darter  was 
taken  which  could  not  be  id(»utified  with  any  descriljed  species.  I  thought 
then  and  since,  until  recently,  that  it  might  be  a  hybrid  between  Pen'iua 
caprodes  and  Hadropterus  aspro  because  of  evident  intermediate  charac- 
ters. After  holding  the  specimen  for  six  years  with  the  hope  that  other 
specimens  might  l)e  taken.  T  last  year  published  a  note  in  the  Proceedings 
of  the  Indiana  Academy*  under  the  title  "An  Aberrant  Etheostoma'*  in 


■•'  For  r.K)2,  pp.  115-116. 
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which  I  briefly  described  the  spccimeu  aud  compared  it  with  Percina 
caprodes  aud  lladropterus  aapro.  Last  summer  the  sandbars  on  the 
south  side  of  the  oast  end  of  tlie  lalvc  were  again  extensively  seined  and 
among  some  500  or  GOO  Percina  caprodes  two  small  specimens— probably 
that  summer's  brood— were  taken  which,  beyond  a  doul)t,  are  similar  to 
the  specimen  which  had  bc»en  talcen  six  years  previously  in  a  part  of  the 
la  lie  three  or  four  miles  distant.  Among  a  peck  of  darters  from  a  part  of 
Tlpi)ecau<)e  Lake  that  the  laliels  do  not  indicate,  collected  in  1808  by  some 
students  of  the  Indiana  University  Biological  Station.  I  found  three  simi- 
lar specimens,  making  in  all  six  specimens  of  this  tj'pe  from  different 
pa  lis  of  the  lake.  There  can  no  longer  be  any  doubt  that  we  have  to  do 
with  a  distinct  spe<*ies  and,  so  far  as  I  can  determine,  the  species  is  un- 
descril)ed.  This  new  species  is  among  the  most  beautiful  and  largest  of 
the  darters.  It  gives  me  the  greatest  pleasure  to  name  the  species  for  Dr. 
Harton  Warren  Evermanu,  ictliyologist,  of  tlie  U.  S.  Fish  Commission. 


IIADKOPTKKUS  flVKRMANM  Moenkliaus. 
(New  Si^ecies.) 

Head  4:  depth  O.IO;  I).  XVI.  14;  A.  II,  11;  scales  8-71)-J). 
The  form  of  the  body  is  much  like  that  of  //.  aain'o,  ratlier  elongate, 
fusiform,  somewhat  <*ompressetl  posteriorly,  l)Ut  less  pointed  anteriorly. 
Mouth  moderately  large,  maxillary  reaching  to  tlH»  pupil;  the  cleft  of 
mouth  almost  horizontal,  lower  jaw  includiMl;  eye  large,  about  equaling 
snout;  interorbital  rather  ])road,  flat;  gill  nM'mbranes  free  from  isthmus 
and  separate;  opercular  spine  and  flap  well  develoiMul;  pivopercle  entire. 

All  scales  ctenoid;  nape  witli  fewer,  smaller,  emlicdded  scales;  median 
ventral  line  in  one  specimen  provided  with  a  row  of  closely  set,  slightly 
enlarged  scales,  a  second  si)ecimen  has  three  or  four  such  scales,  the  re- 
maining spe<*imens  are  wltliout  scales;  the  ])reast  naked;  opercle  with 
closely  set  ctenoid  scales  slightly  smaller  than  those  on  the  body;  cheeks 
with  fewer  still  smaller,  embcnldeil  ctenoid  scales;  lateral  line  complete, 
slightly  arched  over  pectorals. 

Pectoral  and  ventral  flns  about  e<|ual  in  length,  measuring  one  and 
one-tliird  In  head;  origin  of  spinous  dorsal  one-third  the  distance  between 
the  snout  and  base  of  caudal;  origin  of  the  soft  dorsal  and  the  anal  equi- 
distant from  the  snout,  one  and  one-half  In  body  length;  the  spinous  dor- 
s—Academy of  Science. 
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sal  somewhat  longer  tlian  the  soft  dorsal  and  the  latter  than  the  anal; 
these  three  fins  are  about  the  same  heip:ht.  the  order  of  their  height  in 
an  ascending  series  l)eing  spinous  dorsal,  soft  dorsal,  anal:  their  height 
equals  two  in  head. 

The  color  patterns  suggest  an  intermediate  typo  between  Perriitn 
caprodcs  and  Hadroptvnift  uspro.  Sides  with  about  nine«HMi  large,  distinct 
black  blotches  which,  especially  along  the  middle  region,  alternate  with 
smaller  ones,  these  often  being  the  ventral  ends  of  more  or  less  well 
developed  transverse  bars.  The  dorsal  side  with  a  series  of  large  (luad- 
rate  blotches  alternating  and  anastomosing  with  variously  devclop<Hl 
transverse  bars.  The  color  pattern  is  of  the  transverse  type  rather  than 
the  longitudinal  characteristics  of  //.  aspro  and  macrocvphaluin.  In  the 
older  specimen  this  dorsal  pattern  becomes  more  diiTuse  and  less  regular. 
Dorsal  two-thirds  of  opercle  and  the  upiier  part  of  ciieek.  iilack.  A  dis- 
tinct black  band  extends  downward  and  another,  more  diffuse,  forward 
from  the  eye.  Hoth  dorsals  and  the  caudal  fin,  barred,  iH'ctorals  indis- 
tinctly so;  ventrals  and  anal,  plain.    A  Idack  simt  at  the  base  of  the  caudal. 


TAULK   OF   MEASUUKMKNTS   AM)   fOUNTS   OF   ALL   TUK   SPECIMENS. 

Number  of  specimen  -      1          2          3          4          5          C  Av. 

Length  of  body 77.0()  49.00  50.00  55.00  40.00  51. (X)  .... 

Head  in  length 4.05     3.82     3.84    3.03     3.02     3.02  3.01 

Depth  in  length 0.10     7.00     G.25     G.ll     0.30     ....  G.:W 

Kye  in  head 3.80    S.t^)     3.42     3.70     3.00     4.30  3.81 

Snout  in  head 3.05     4.00     3.82     4.r>0     4.17     4.;i.3  4.14 

Maxiilary  in  head 3.58     3.r»5     3.71     4A)(\    4.17     4.23  4.00 

Interorbltal   in   head....   4.03     5.13     5.20     4.00    4.17     5.20  4.83 

Pectorals  in  head 1.30     1.28     1.30     1.21     1.50     1.30  1.33 

Ventrals  in  head 1.31     1.42     1.32     1.40     1.30     1.44  1.38 

Spinous  D.  from  snout.   3.20     2.88     2.92     3.23     3.00     3.18  3.08 

Soft  dorsal  from  snout.   1.00     1.58     1.60    1.57     1.58     1.59  1.59 

Anal  from  snout 1.04     1.58     1.01     1.02     1.58    1.59  1.60 

Dorsal  fin-XVI.14     XIV.14     XV,14     XIV.13     XIV,15     XIV,13 
Anal  fin--II,ll     11.10    11,10     11.11     11,11     11.11 
Scales-7-79-9     9-84-12     9-84-11     8-82-11     9-82-12     8-84-11     82 

The  species  is  most  closely  related  to  flmhopUrits  aspro  and  Hadrop- 
terns  macrocrphaluw.  From  the  former  it  differs  most  strikingly  in  the 
color  pattern,  especially  tliat  of  the  dorsal  side,  which  is  transverse  in 
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lypo  rather  tluiii  lougitudinal,  and  in  tlio  grcntor  nnniUer  of  scales,  which 
in  this  species  are  ctenoid  instead  of  cycloid,  on  the  cheeks  and  opereles. 

Type  No.  1)785.     Museum  Indiana  University. 

Cotype  No.  978G.    Museum  Indiana  University. 

Cotypes  have  also  been  depositeil  in  the  U.  S.  National  Museum,  U.  S. 
Fish  Commission,  Museum  of  Stanford  University  and  British  Museum 
of  Natural  History. 


d,    Myxomvcetes  of  Lake  Winona. 
Fred  Mutchler. 

With  the  advice  and  consent  of  Dr.  C.  A.  King,  I  decided  to  take  the 
time  not  re<iuired  in  teaching  during  the  Station  Session  of  1902  in  mak- 
ing a  systematic  study  of  the  Myxomycetes  of  the  lake  neighborhood 
and  this  report  sliows  the  result  of  the  work. 

The  sea*«on  was  one  especially  favorable  for  such  a  study,  inasmuch 
as  the  freciuent  warm  rains  wore  very  conducive  to  a  luxuriant  gi'owth 
of  all  kinds  of  fungi. 

This  list  is  )>y  no  means  complete,  though  I  feel  sure  that  it  contains 
the  majority  of  the  forms  indigenous  to  the  region.  Had  it  been  possible 
to  continue  the  study  for  another  month  I  feel  sure  that  the  list  would 
have  been  very  materially  increased,  for  myxomycetes  were  as  plentiful 
at  the  close  as  they  were  at  the  opening  of  the  station  work. 

Quite  a  number  of  specimens  were  collected  on  special  excursions  to 
Turkey  Lake,  Tippecanoe  Kiver,  and  North  Manchester.  I  have  included 
in  this  list  species  found  on  those  trips  that  I  did  not  lind  at  Winona. 
The  locality  of  such  species  is  indicated  in  every  case.  All  others  were 
collected  in  the  immediate  neighborhood  of  the  lake. 

Didymium  nhjripcs  I  found  growing  October  20,  on  Sphagnum  that 
I  brought  to  Clark  University  from  the  lake.  On  November  21  I  noticed 
the  same  species  growing  on  rabbits'  dung  that  I  had  also  brought  from 
there. 

My  first  attempt  was  to  follow  the  classification  and  nomenclature  as 
given  in  Lister's  Mycetozoa.  I  soon  found,  however,  that  there  are  species 
here  not  given  in  that  work,  and  I  therefore  used  McBride's  Myxomy- 
cetes of  North  America  In  connection  with  it. 
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The  list  including  oighty-six  species  belonging  to  twenty-one  geliera 
is  as  follows: 

i.  Ceratomyxa  porioides  (Alb.  and  Sohw.)  Schroeter.  Very  common  on 
decayed  wood  from  July  1  to  August  10.  Frequently  found  covering 
almost  the  entire  surface  of  decaying  trunks. 

2.  Physarum  I'iride  Pt'rs.  Collected  at  least  on  three  different  trips, 
June  27,  July  i:^,  and  July  20.    On  bark  of  fallen  trees. 

3.  P.  pulcfiripcs  Peck.  Found  in  one  collection,  July  3.  On  bark  of 
an  old  oak  stump. 

-J.  /*.  nutans  Pers.  Collected  in  considerable  quantities  from  bark  of 
fallen  elm.  July  0. 

5.  P.  poli/mor/ihum.  Found  spreading  in  large  patches  over  bark  of 
a  beech  stump  and  on  blades  of  grass  and  leaves  of  briars  nearby,  July 
14.    Turkey  Lake. 

6.  P.  nefroidenm  Host.  Brought  into  the  laboratory  several  times. 
Collected  from  bark  of  fallen  Cottonwood,  July  17. 

7.  /'.  gulbeum  Wingato.    On  oak  bark,  July  18. 

8.  P.  antiscalpium  Cooke.    On  decaying  leaves.    Turkey  Lake,  July  14. 
V.    P.  nucleotuju  Rex.    Not  common.    Bark  of  fallen  ash,  July  20. 

JO.  P.  maculatum  McBr.  On  decaying  wood  in  considerable  quantity. 
July  24. 

//.  /'.  didn'moidea  Rost.  A  single  specimen  collecte<l  on  a  decaying 
sycamore  slump,  July  21. 

Li.    P.  nminUtsum  Cooke  and  Balfour.     On  fallen  trunks,  July  15. 

I  A.    P.  (jlohulifernm  l*ers.     July  31.     Decayed  wood. 

I).  P.  ohruHSvum  Berk  and  Curtis.  Collect e<l  from  a  fallen  poplar 
trunk  near  North  Manchester,  August  3. 

15.  P.  mcUenui  Mass.  Found  in  small  quantity  on  decaying  leaves 
in  woods  near  North  Manchester,  August  3. 

](].  P.  citrinum  Schumacher.  Collected  along  with  P.  melleum.  North 
Manchester,  August  3. 

17.  P.  cinnrnin  Pers.  Found  on  a  gix)wing  fern  frond  in  woo<ls  near 
Tii)pecanoe  River,  August  5. 

JS.  l*hyHuvi'Un  mirnhilis  Peck.  Found  literally  covering  the  inside  of 
a  hollow  sycamore  stump  near  the  biological  laboratory.  July  7. 

19.  Tihnadorhr  compucta  Wingate.  One  siK'cimen  collecte<l  on  oak 
bark,  July  30.     Does  not  seem  to  be  plentiful. 
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jo.  SiHiniftria  alha  I).  C.  Vory  comiiion  on  stems  and  leaves  of  herb- 
aceous plants  throughout  the  month  of  July. 

21.  Fuligo  si'jttiva  Gmelin.  Most  eommon  of  any  species  collected. 
Could  be  found  any  day  throughout  the  season. 

22.  F.  violncca  Pers.    Kare.  collected  from  decayed  oak  stump,  July  19. 
2.1    Lvorarpus  rrnn<f)MUfi  Link.     Only  a  small  quantity  collected  from 

the  bark  of  an  oak  log,  July  29. 

2.'i.  TubuUiin  ftuijifurnm  Pers.  Quite  common  on  decaying  wood  dur- 
ing the  month  of  July. 

25.  T.  stipitatn  Uost.  Only  a  single  specimen.  Collected  from  decayed 
oak  stump,  July  18. 

2().  Cratvrium  Uucovviihalinn  Ditmar.  Found  fre(iut»ntly  on  bark  of 
twigs,  July  20  and  20. 

21.  (\  minimum  Rerk.  and  Curt.  Found  only  once.  Blades  of  grass, 
July  31. 

2S.  Diilymium  rrustaccitm  Fries.  On  green  blades  of  grass  and  leaves. 
Turkey  Lake.  July  14. 

2i).  I).  niijriinH  Fries.  Found  growing  on  Sphagnum  and  rabbit  dung 
collected  at  Winona  Lake. 

.\().  Stcmouitis  fitscfi  variety  gennina  Uoth.  Collecteil  in  abundance 
from  dei'aying  wowl,  July  4. 

iU.  S.  fuHva  rarietif  nifcHfrnfi  Uoth.  A  single  specimen  from  decayed 
oak  stump,  June  2."). 

S2.  »s'.  npUmlvux  ICost.  Quite  common  on  all  kinds  of  decaying  wood, 
June,  July  and  August. 

33.  aS.  iSmithii  MrBr.  Found  in  great  tufts  at  base  of  decaying  oak 
stump,  June  20. 

/?j.    »V.  maxima  Schweinitz.    Quite  common.    July. 

J.>.  K.  pallida  Wingate.  Collected  in  small  tiuantlty  on  bark  of  fallen 
oak.  July  10. 

Mi.  s.  Monjaiii  Pe<k.  ColhM'ted  in  plentiful  «iuantitit'S  on  decayed 
oak  trunk,  July  10. 

37.  N.  Carol imnxis  McHr.  Found  growing,  July  17.  on  the  Rtunip 
where  S.,  Smithii  had  ])een  collected  June  2(».  N.  Smithii  was  not  found 
at  this  time. 

3S.    »S.  herbativa  Peck.    Single  specimen.    Blades  of  grass.    July  17. 

3iK  S.  VirgiiiiamH  Rex.  Collected  from  oak  bark  along  with  8,  ni- 
gresvena,  July  14.    Turkey  Lake. 


118 

^0.    S.  nigrescens  Rex.    Turkey  Lake,  July  14. 

41.  S.  Wchbei'i  Rex.    On  fallen  elm.    July  14.    Turkey  Lake. 

42.  8.  confluetis  Cooke  and  Ellis.  Collected  in  considerable  quantities 
from  bark  of  fallen  oak  trunk,  July  20.    Probably  rare. 

43.  Comatricha  stemonitis  Sheldon.  Quite  common  on  decaying  wood. 
Collected  frequently  during  July. 

-J4'    0.  irregularis  Rex.     On  fallen  cotton  wood  trunk,  July  17. 

45.  C,  Subsdorfli  Ellis  and  Everhardt.  Single  specimen  collected  July 
30,  on  an  old  rail  fence. 

46.  C.  typhoides  Rost.  Found  quite  plentiful  on  dead  wood  near  North 
Manchester,  August  3. 

47.  C.  equalis  Peck.  Not  common.  Collected  from  a  board  fence 
July  30. 

48.  Dictydium  umbilicntvm  Schrader.  Collected  in  great  abundnnco 
on  various  kinds  of  decaying  wood  during  the  month  of  July. 

49.  Cribraria  tenella  Schrader.  Collected  in  large  quantities  on  very 
badly  decayed  wood,  June  25  to  July  28. 

50.  C.  dictydinides  Cke.  and  Balf.  Very  common.  Quite  a  large  de- 
caying oak  trunk  was  found  by  the  elementary  students,  while  collecting, 
July  17,  that  was  literally  covered  with  this  species. 

51.  C.  microcarpa  Pers.  Taken  in  substantial  quantities  from  decay- 
ing woo<l  at  Turkey  Lake,  July  14.  Also  near  Tippecanoe  River,  Au- 
gust 5. 

52.  C.  macrocarpa  Schrader.    On  rotten  wood,  July  30. 

53.  C.  minutissima  Schweinitz.  This  species  taken  only  once  but  in 
considerable  quantity  then.  On  a  lichen  covered  oak  trunk,  July  20.  On 
account  of  its  smallness  it  is  probably  often  overlooked  by  collectors. 

54*  Arcyria  incarnata  Pers.  Very  common.  Collected  many  times  on 
all  kinds  of  decaj^ed  wood,  June  26  to  August  20. 

55.  A.  cincrea  Pers.    Found  abundantly  during  July  on  decayed  wood. 

56.  A.  flava  Pers.    On  decaying  maple,  July  4. 

57.  A.  pnnicea  Pers.  Perhaps  the  most  common  of  the  Arcyrias. 
Collected  on  almost  every  trip  during  the  entire  time  the  station  work 
was  going  on. 

58.  A.  fcrruginm  Snuter.  Found  growing  on  old  decaying  cornstalks. 
July  4. 

59.  A.  incarnata  nodulom  ^fcKr.    On  decaying  ])lrch,  July  10. 
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60.  A.  (Wjitata  Pers.  Quite  common  on  decaying  maple.  The  sporan- 
gia are  usually  collected  In  tufts  of  from  four  to  twelve.    July  10. 

61.  A.  pomiformis  Rost.     Found  along  with  A.  digitata,  July  10. 

62.  A.  vitellina  Phillips.     Turijey  Lake,  July  14. 

6'.^  A,  CErstattii  Rost.  Growing  on  decayed  wood— maple  and  cotton- 
wood,  July  2:>. 

6'/.    A.  muifna  Rox.    On  decaying  truulvs.  Tippecanoe  River,  August  5. 

6').  A.  iilbUla  Pers.  Very  common  on  dead  wood  of  various  kinds. 
July,    Augu.st. 

66.  llnuitrUhUi  vUnnta  Rost.  C(»llected  from  decaying  watery  trunks, 
July  3. 

61.  II,  nihiform'nf  Lister.  Very  common.  Usually  found  growing  on 
tile  watery  decnyin;:  wood  under  tlie  l)ark  of  fallen  trunks.  Sporangia 
are  often  sessile. 

6S.    II.  iiitorta  Lister.    On  decaying  oak,  July  17. 

60.  II.  stipitata  Mass.  Only  a  small  specimen  collected  from  water 
soaked  wood,  July  21. 

7^^  //.  snpttla  Rost.  Found  in  ai)undance  in  the  inner  ])ark  of  water 
soaked  wood.    Tippecanoi?  River.  August  5. 

71.  Ophiotheca  chrysospei'mu  Turrey.  Collected  July  20  and  28,  on  inner 
bark  of  fallen  willow  trunks. 

12.  0.  Wrightii  Berk,  and  ('urt.  Collected  in  considerable  quantity 
on  inner  l>ark  of  fallen  elm  trunks  July  23. 

7.7.  Oligonema  nitens  Rost.  Collected  in  small  <iuantity  in  decaying 
weod  near  Nortli  >Lnnclirster,  August  .S. 

7 J.  <>.  flavidiini  Mass.  Found  along  witli  ().  nitens,  Nortli  Manchester, 
Augn.st  3. 

7J.  Pvnvhacna  vortiiulifi  Rost.  Collected  in  small  <iuantity  on  fallen 
elm  trunk  under  outer  ])ark,  July  ',\0. 

16.    P.  rariahilis  Rost.    On  inner  bark  of  willow  trunk,  July  30. 

77.  Trichia  contovta  Rost.  Collected  only  In  small  quantity.  July  8. 
in  decayed  wood  of  oak  stump. 

7X  T.  affinis  DeHary.  Found  in  considerable  quantity  in  decaying 
maple,  July  8. 

19.    T.  fallajr  Pers.    Quite  common  on  various  decaying  woods,  July  10. 

SO.  T,  favoginca  IVrs.  Collected  quite  frequently  on  various  woods 
during  the  montli  of  August.  More  abundant  than  any  other  member  of 
the  genus. 
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87.  T.  scahra  Rost.  Colleet<*^l  from  decajed  wood  near  Tippecanoe 
River.  August  5. 

82.  T.  pcrsitnilis  Karst.  Single  specrimen  collected  July  2(5.  Decayed 
elm. 

83.  T.  lotrensis  McHr.  Found  gi'owing  in  rotten  wood  near  Tippe- 
canoe River,  August  5. 

8^.  LyvoyaUi  cxitjuum  Morg.  Not  common.  Collected  only  once. 
June  20. 

85.  L.  piivo  fumcum  Rost.  Several  specimens  collected  from  water 
soaked  decaying  wood.    Turkey  Lake,  July  14. 

86*.  L.  iiiinintiiin  Pers.  ^'ery  common  on  all  kinds  of  decaying  trunks. 
This  species  was  found  on  almost  every  collecting  trip. 


e.  The  Plankton  of  Winona  Lake. 
Chancey  Juday. 

Winona  Lake  is  one  of  the  numerous  lakelets  found  in  northern  In- 
diana. It  is  located  in  Kosciusko  County  al)out  one  mile  (l.G  kilometers) 
southeast  of  the  city  of  Warsaw.  Concerning  the  physical  features  of 
the  lake  but  little  need  be  said  as  two  hydrographic  maps  sliowing  many 
of  these  points,  have  been  published;  one  by  Large  in  1800  (Proc.  Ind. 
Acad.  Sci.,  18f>0)  and  another  by  Norris  in  1901  (Proc.  Ind.  Acad.  Sci., 
1001).  The  lake  is  irregular  in  outline  and  has  an  average  length  north 
and  south  of  about  one  and  an  eighth  miles  (1.8  kilometers)  and  an  aver- 
age width  east  and  west  of  about  seven-tenths  of  a  mile  (1.1  kilometers) 
with  a  large  bay  extending  westward  from  the  north  end.  It  has  an 
area  of  al>out  0.0  of  a  scpnire  mile  (2..S  scpnire  kilometers)  and  a  maximum 
depth  of  eighty-one  fc*et  (twenty-five  meters).  Two  small  creeks  flow 
into  the  southeastern  portion  of  the  lake  and  there  are  several  large 
springs  along  the  enst  side. 

The  data  for  this  paper  were  collected  at  the  Indiana  University 
Biological  Station  during  the  summer  of  11K)1.  I  wish  to  acknowledge 
my  indebtedness  to  Dr.  C.  H.  Eigenmann,  Director  of  the  Station,  for 
many  courtesies  shown  me.  I  am  also  much  indebted  to  Mr.  Clarence 
Kennedy  and  Mr.  lleilman  C.  Wadsworth  for  their  valuable  assistance 
both  in  making  the  observations  and  In  the  tedious  work  of  counting  the 
material. 
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TUAXSPAUKNi'Y. 
The  trnnspart'ucy  of  the  water  was  determined  by  means  of  a  Seechi's 
disk,  about  tifteen  centimeters  in  diameter.    The  depth  at  which  this  disk 
just  disapi)eariHl  from  view  varied  from  2.1  meters  as  a  minimum  to  2.5 
meters  as  a  maximum. 

TEMPERATURES. 

The  tliermoplione  and  dcn^p  sea  tliermometer  were  not  in  working 
order  so  tliat  the  temperatures  had  to  be  taken  by  means  of  a  pump  and 
liose.  Tliis  metliod,  of  course,  is  subject  to  considerable  error  and  the 
results  were  found  to  l)e  of  comparatively  little  value  except  to  determine 
the  location  and  extent  of  the  thermocline,  so  that  the  distribution  of  the 
plankton  with  regard  to  this  region,  might  be  studied. 

The  temperature  ol)servati()ns  were  made  in  the  deepest  iiart  of  the 
lake,  and  they  consisted  of  eight  sets  in  July  and  ten  sets  in  August. 
During  .Tuly  there  was  very  little  wind  so  that  the  upper  stratum  of  water 
was  not  disturbed  to  any  great  extent.  As  a  result  this  stratum  accu- 
mulated considerable  heat  during  this  period.  The  surface  temperature, 
taken  at  a  deptli  of  eiglit  or  ten  centimeters,  averaged  2S.0**  C.  for  the 
eiglit  sets  of  observations,  with  'M.2°  C.  as  a  maximum. 

During  August,  however,  the  wind  was  much  stronger  and  the  upper 
stratum  of  water  was  much  more  thoroughly  stirred  up.  As  a  result,  the 
average  surface  temperatun?  for  the  ten  sets  of  observations  was  25.0* 
with  a  maximum  of  2<J.0.° 

Tlie  thermocline  consisted  of  a  stratum  of  water  three  meters  in  thick- 
ness. The  difference  in  temperature  between  the  top  of  this  stratum  and 
the  l)ottom  of  it  varied  between  0.0°  and  12.0°.  In  July  it  extended 
from  four  meters  to  seven  meters,  and  in  August  from  five  meters  to  eight 
meters.  The  downward  movement  was  doubtless  due  to  the  stronger 
winds  prevailing  in  August. 

Tlie  change  in  l)ottom  temperature  during  the  two  months  was  very 
slight,  l.T}"  lieing  tiie  minimum  and  8.0°  the  maximum. 

METHODS. 
The  plankton  observations  as  well  as  the  temperature  observations 
were  made  in  the  d(H>pest  part  of  the  lake  and  by  the  pump  method.    An 
ordinary  pitcher  pump.  1-inch  garden  hose,  and  a  plankton  net  whose 


122 

straining  part  was  made  of  Dufour's  No.  2<)  l>olting  cloth,  were  used. 
The  quantity  of  water  strained  for  a  catch  was  the  amount  produced  by 
forty  strokes  of  the  i)ump,  which  averaged  22.5  liters. 

The  counting  method  was  used  to  determine  the  relative  abundance 
of  the  various  plankton  forms.  In  most  cases  20  per  cent,  of  the  material 
obtained  in  a  catch  was  counted,  and  the  results  thus  obtained  for  the 
various  forms  were  multiplied  by  five  in  order  to  determine  the  number 
of  individuals  in  a  whole  catch.  Whenever  a  catch  contained  a  compara- 
tively small  number  of  individuals,  for  example,  the  catches  near  the 
surface  in  day  time,  the  whole  catch  was  counted.  Also,  all  the  indi- 
viduals of  the  larger  forms,  such  as  Epischura  and  I^ptodora,  whicli  are 
readily  recognizable  with  the  naked  eye,  were  counted. 

The  sets  of  observations  may  be  divided  into  five  groups: 

1.  Twenty  sets  of  day  catches  wiiich  were  made  not  earlier  than  9 
a.  m.,  nor  later  than  4  p.  m. 

2.  Six  sets  of  night  catclies  which,  with  one  exception,  were  made 
between  9  p.  m.  and  midnlglit.  On  September  2,  a  series  was  made  as 
early  as  8  p.  m.,  but  this,  however,  was  an  hour  and  a  lialf  after  sunset. 

3.  Four  sets  of  evening  catches  were  made.  These  were  begun  short- 
ly before  sunset  and  continued  at  half  hour  intervals  an  hour  or  more 
after  sunset. 

4.  The  morning  observations  were  begun  one  and  a  half  to  two  hours 
before  sunrise  and  were  continued  at  thirty  minute  intervals  until  after 
sunrise.    Six  sets  of  these  were  made. 

5.  In  August  there  were  two  sets  of  observations  in  which  catches 
were  made  at  the  surface  at  regular  intervals  during  the  entire  night. 
Both  series  were  begun  before  sunset  and  continued  until  after  sunrise. 
Catches  were  made  at  half  hour  Intervals  until  8  and  9  p.  m..  respective- 
ly, then  every  hour  until  3  and  4  a.  m.,  respectively,  and  again  at  half 
hour  intervals  until  after  sunrise.  The  results  of  these  observations  are 
shown  In  Figs.  1  to  4. 

The  first  and  second  groups  covered  the  entire  depth  of  the  lake 
(twenty-five  meters),  while  the  catches  of  the  third  and  fourth  groups 
were  confined  to  the  upper  four  meters.  The  fifth  group  consisted  of 
surface  catches. 
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THE  PLANKTON  FORMS. 

PHYTOPLANKTON. 

The  phytoplaiiktou  was  made  up  of  three  forms,  Clathrocystls,  Coe- 
losphacrium  and  Oscillaria.  Clathrocystls  was  much  more  abundant  than 
the  other  two  forms  as  it  made  up  about  75  per  cent,  of  the  total  quan- 
tity of  phytoplaiiktou. 

CRUSTACEA. 

Copepoila.—My  thanks  are  due  Prof.  C.  Dwight  Marsh  for  his  deter- 
mination of  the  following  copepods: 

Epischura  lacustrls  Forbes. 

Diaptomus  oregoncnsis  Lillj. 

Diaptomus  birgei  Marsh. 

Cyclops  pulchellns  Koch. 

Cyclops  hrcvispinosus  Herrick. 

Cyclops  Icuckarti  Sars. 

Cyclops  albidus  Jurine. 

Cyclops  prasinus  Fischer. 

Cyclops  scrruUitiis  Fischer. 

Ergasilus. 
The  following  concerning  Diaptomus  birgei  is  quoted  from  Professor 
Marsh's  letter:  **Tlie  finduig  of  D.  birgei  is  of  great  interest  to  me.  I 
described  the  species  some  years  ago  from  a  few  specimens  from  New 
Lisbon,  Wisconsin,  and  have  never  seen  a  specimen  since.  I  had  begun 
to  fear  that  I  had  described  a  freak  form  and  that  the  species  would  not 
stand;  but  here  conies  the  creature  in  the  proper  proportions.  It  is  a 
little  queer  that  I  should  have  found  it  only  In  two  such  widely  separated 
localities,  ])ut  doubtless  it  lives  at  some  intermediate  locations." 
Cladoccr a. —The  following  linmetic  forms  were  found: 

Daphnia  hyalina  Leyd. 

Daphnia  piilex  De  G.  var.  pulicaria  Forbes. 

Daphnia  retrocuna  Forbes. 

DiapJianosoma  brachyuntm  Sars. 

Ceriodaphnia  lacustris  Birge. 

Lcptodora  hyalina  Lillj. 

Chydorits. 

Jiosmina, 
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Littoral  forms: 

Pl€uro.riiH  prom  r  rat  us  Birpe. 

PlcurojTUM  dvntivuhihis  Birgc. 

EuryvercuH  lamellatua  O.  F.  M. 

Acropervs  Mrpae  Baird. 
The  following  genera  were  represented  by  at  least  one  species  each. 
Alona,  Graptokbnis,  and  Simoceplialiis. 

Cypriit  and  Corethra  larva?  were  fonnd  in  some  of  the  eatclies. 

ROTIFERA. 

Fonr  members  of  this  gronp  were  speoiflcally  identified,  Trinrthra 
loni/hrtu,  Antirca  cnrfiU'anH,  An  urea  arideata,  and  Xotholra  loiigisphia.  The 
other  members  of  the  gronp  1  belonged  to  the  genera  Asplanchna,  Polffarthra, 
and  Mastujovrrca. 

CHANGE   IN   QUANTITY  OF  PLANKTON. 

These  observations  covered  too  l)rief  a  perio<l,  Jnly  10  to  September  3, 
to  show  mnch  concerning  the  increase  or  decrease  of  the  varions  plankton 
constitntents.  In  general,  it  may  be  sai<l  that  there  was  comparatively 
little  change.  There  was  apparently  a  slight  increase  of  the  phytoplank- 
ton,  dne  mainly  to  an  increase  of  Clathrocystis.  Only  two  forms  of  the 
crnstacea  showed  any  change.  During  August,  there  was  a  perceptible 
increase  of  Diaptomus  and  Cyclops.  They  were  found  to  be  twice  as 
numerous  the  first  of  Septeralier  as  the  \ast  of  July  and  first  of  August. 

DIURNAL  MOVEMENT. 

Episvhura  lavustris.—Thi^  form  was  not  found  regularly  in  the  day 
catches  as  it  was  present  in  cmly  six  of  the  twenty  day  series.  On  these 
six  occasions  it  was  confined  to  the  thermcx-line.  that  is.  between  five  and 
seven  meters.  It  was  taken,  however,  in  the  surface  catches  of  the  six 
night  series.  Tlie  time  of  its  appearance  at  the  surface  varied  from  half 
an  lumr  to  an  hour  and  a  half  after  sunset  and  it  disappeared  from  the 
surface  about  an  h(mr  before  sunrise.  In  the  all-night  series  of  August 
Ti-O,  it  was  found  in  only  one  catch.  This  was  at  0  p.  m.,  five  individuals 
l)er  KM)  liters  of  surface  water.  In  tlie  all-night  series  of  August  27-28, 
it  reached  a  maximuni  of  14^)  per  \00  liters  at  8  p.  m. 
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niaptomuH.—Aa  noted  above,  two  species  wer^  present,  but  they  were 
not  counted  separately.  For  the  most  part,  Diaiptonuis  remained  in  the 
upper  ten  meters  of  the  lal^e  as  tliose  foun<l  Ijehnv  this  depth  constituted 
less  than  5  per  cent,  of  the  total  number  of  individuals  taken  in  either  a 
day  or  a  night  series.  They  were  found  at  the  surface  in  sixteen  of  the 
twenty  day  series,  but,  with  two  exceptions,  there  was  a  marked  increase 
in  the  number  of  individuals  at  the  surface  at  night.  This  increase  varied 
from  five  to  twentj'-tive  fold.  The  two  exceptions  were  surface  catches 
made  cm  cloudy  days.  These  differed  but  little  from  the  night  surface 
catches.  The  in<Tease  at  tlie  surface  usually  began  alK)Ut  sunset  and  the 
greatest  decrease  occurred  half  an  hour  to  an  hour  before  sunrise. 

Fig.  1  sliows  the  surface  conditions  for  Diaptomus  in  the  two  all-night 
series.  The  vertical  spaces  represent  the  number  of  individuals  per  hun- 
dred liters  of  surface  water  and  tlie  iiorizontal  spaces  represent  the  time 
between  (>  p.  m.  and  i>  a.  m.  The  curves  show  a  striking  similarity  of 
conditions  although  the  oliservations  were  separated  by  a  time  interval 
of  three  weeks.  Tliey  show  that  the  maximum  number  was  found  at 
the  surface  at  T:.'>o  j).  m.  on  botli  occasions.  Botli  also  show  a  decided 
decrease  during  the  next  half  hour,  a  second  iMit  smaller  rise  at  midniglit, 
a  third  near  morning,  and  a  fourtli  is  Indicatcnl  for  the  i>eri<Kl  immediately 
following  sunrise.  Diaptomus  was  not  foun<I  in  the  surface  catch  on 
August  .")  at  11  a.  m.  and  there  were  KM)  per  1(H)  liters  on  August  27  at 
0  a.  m. 

('//'•/'>/>«.— Several  species  were  present  but  no  attempt  was  made  to 
count  them  separately.  They  were  distributed  tlu-ough  the  entire  depth 
of  the  lake.  They  were  found  at  the  surface  in  all  the  day  catches.  In 
general,  the  night  Increase  was  comparatively  small  as  it  did  not  exceed 
five  fold.  There  was  little  or  no  difference  between  the  surface  catches 
made  on  chmdy  days  and  those  made  at  night. 

The  curves  of  Fig.  2  represent  the  status  of  Cyclops  In  the  two  all- 
night  series.  The  early  evening  conditions  differ  a  great  dipal  as  there  is 
no  maximum  In  the  curve  for  August  27-2S  corresponding  to  the  7:30  p.  m. 
maximum  of  August  ."i-0.  l^eyond  this,  however,  the  curves  are  very 
similar.  The  surface  catch  on  August  5  at  11  a.  m.  showed  a  total  of  KK) 
Cyclops  per  HH)  liters  and  there  were  2(H)  on  August  27.  at  0  a.  m. 

y^////)/ii.— They  were  found  throughout  the  entire  depth  of  the  Inke 
and  showed  no  evidence  of  a  movement. 


12G 

Ergasilus.— This  form  was  irregularly  distributed  In  the  upper  six 
meters  and  showed  no  movement. 

Daphnia  hyalina,  —  In  this  species,  the  young  and  the  adults  were 
counted  separately.  The  ratio  between  them  was  very  variable.  The 
young  constitute<l  from  10  per  cent,  to  78  per  cent,  of  the  entire  number 
of  individuals  of  a  series.  The  young  predominated  near  tlie  surface  on 
bright  sunny  days  and  the  adults  predominated  in  the  deeper  strata.  In 
all  but  one  set  of  observations,  70  per  cent,  to  95  per  cent,  of  the  total 
nunilHM*  of  I),  fiifalina,  werc  found  in  the  upijer  seven  meters  and  in  this 
one  instance  W)  per  cent,  were  in  tliis  region. 

Usually  a  few  young  were  found  at  the  surface  in  the  daytime.  Lilce- 
wise  adults  were  found  at  the  surface  on  two  cloudy  days  but.  on  clear 
days,  they  were  at  a  deptli  of  one  to  two  meters.  In  three  sets  of  ob- 
servations, adults  appeared  at  the  surface  about  half  an  hour  after  sun- 
set, and  on  a  fourth  occasion  about  sunset.  In  tive  sets  of  morning  oi>ser- 
vations,  the  time  of  their  disappearance  from  the  surface  varied  from 
nearly  two  hours  before  sunrise  as  a  maximum  to  thirty  minutes  before 
sunrise  as  a  minimum. 

Figs,  l^  and  4  represent  both  young  and  adult  in  the  all-night  series. 
It  will  be  noted  that  the  curves  for  young  and  adult  in  each  series  cross 
and  recross  each  other,  showing  that  the  ratio  between  them  was  very 
variable.  The  two  curves  for  adults  do  not  show  the  similarity  that  the 
curves  for  Diaptomus  and  Cyclops  do.  In  fact,  if  plotted  together,  they 
cross  each  other  several  times,  one  curve  showing  an  increase  of  indi- 
viduals at  the  same  hour  that  the  other  shows  a  decrease.  In  the  first 
series,  August  5-0,  the  adults  readied  a  pronounced  maximum  at  8  p.  m.. 
while  in  the  series  of  August  27-28,  two  equal  maxima  were  observed,  one 
at  7:30  p.  m.  and  the  other  at  10  p.  m. 

There  is  the  same  lack  of  similarity  between  the  curves  representing 
the  young.  The  first  series  showed  a  maximum  of  young  at  8  p.  m.  and 
the  second  at  4:30  a.  m. 

Daphnia  puliearia.— It  occupied  the  region  between  the  middle  of  the 
thermocline  and  the  bottom.  It  was  usually  most  numerous  within  one 
to  three  meters  of  tlie  l>ottom.  There  was  practically  no  diurnal  move- 
ment. Adults  were  found  at  the  surface  in  one  evening  catch  and  at  a 
depth  of  only  one  meter  in  a  night  catch.  These  were  the  only  indica- 
tions of  a  movement, 
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Uaphnia  retrocurva.—lt  was  rarely  found  at  a  greater  depth  than 
seven  meters.  Both  younj;  and  adult  were  one  to  three  meters  below  the 
surface  on  clear  days.  Both  appeared  at  the  surface  in  the  evening  about 
half  an  hour  after  sunset.  In  the  morning,  however,  the  adults  left  the 
surface  before  the  young.  The  young  usually  disappeared  about  sunrise 
while  the  adults  moved  down  from  the  surface  an  hour  or  more  before 
sunrise.  The  surface  maximum  of  young  and  adults  combined,  was  found 
three-quarters  of  an  hour  after  sunset  in  the  first  all-night  series  and 
half  an  hour  later  in  the  second,  about  8  p.  m.  in  each  case. 

DiaphanoHoina  brachyurum.  —  A  comparatively  small  number  of  this 
species  was  found.  It  was  rather  irregular  in  its  movements  but,  In  gen- 
eral, it  appeared  at  the  surface  thirty  to  forty-five  minutes  after  sunset 
and  left  the  surface  an  hour  or  more  before  sunrise.  It  was  found  at  a 
depth  of  one  meter,  usually,  in  the  daytime,  and  rarely  occurred  in  catches 
below  a  depth  of  seven  meters. 

Ccriodaiihnia  lacuiftris.  —  This  form  was  confined  to  the  upper  four 
meters  and  was  present  in  very  small  numliers.  There  was  no  diurnal 
movement  shown  by  it. 

LtpUnhna  hynlina, — Only  a  small  number  were  found.  It  ocxjurred  in 
only  five  of  the  twenty  day  series.  In  these  five  instances.  It  was  con- 
fined to  the  region  of  the  thermocline,  fhat  is,  l>etween  four  and  eight 
meters.  Botli  young  and  adult  appeared  at  the  surface  in  the  evening 
from  thirty  to  forty-five  minutes  after  sunset.  The  young  left  the  surface 
ai)out  an  hour  lK»fore  sunrise  and  the  adults  half  an  hour  or  more  earlier. 

Chf/ilonis  and  Jioftmina  were  found  in  very  small  numl>ers.  No  diurnal 
movement  was  noted. 

Cf/priM.-  There  was.  apparently,  an  extended  horizontal  migration  of 
Cypris  as  it  was  found  in  a  tliird  of  the  morning  and  evening  series,  and 
these  ob.servations  were  made  in  th»»  deepest  part  of  the  lake.  In  the  day- 
time, liowever,  (\v|)ris  was  never  found  in  the  limnetic  region  of  the  lake 
but  in  the  littoral  region. 

A  few  Corvthva  larv:v  were  found  in  and  below  the  thermocline  in  the 
daytime.    In  a  few  instances  they  came  to  the  surface  at  night. 

Rot i f era. —T hi}  rotifers  showed  no  diurnal  movement.  With  respect 
to  their  vertical  d;strii)ution,  tliey  form  three  groups: 

1.  MaMtifffMrmif  J^ohfnrthra,  and  xUpiiwrhna  were  confined  to  the  upper 
five,  six  and  seven  meters  resi>ectively,  or  the  region  in  and  above  the 
thermocline. 
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2.  Anttrrn  aruleaia  and  Tihrthra  occupied  the  region  below  a  depli 
of  ton  meters.  Thej'  were  usually  most  abuudnnt  within  two  or  three 
meters  of  the  bottom. 

B.  Amtren  cochUaris  and  Nothoica  Umginpina  were  found  througli  the 
entire  deptli  of  the  la  Ice. 


MAXIMUM  NUMBER  AT   SURFACE. 

This  diurnal  migration  must  not  be  talcen  to  mean  that  the  individuals 
of  the  various  species  concerned,  congregate  at  the  surface  at  night  in 
such  numljers  as  to  form  what  might  be  calleil  a  "swarm,"  for  no  such 
aggregation  was  noteil.  This  is  siiown  by  the  fact  that  Diaptomus,  Cyvlop» 
and  Daphnia  hyalhia,  in  a  majority  of  the  night  observations,  were  more 
numerous  at  a  deptli  of  one  or  two  meters  or  even  deeper,  than  at  the 
surface.  It  simply  means  that  the  upper  stratum,  one  or  two  meters  in 
thickness,  is  sparsely  populated  on  bright,  suimy  days,  Imt  that  this  region 
is  more  or  less  densely  p()i)ulated  at  night. 

Blanc  (1808)  and  Fordyce  (IJKX))  found  the  greatest  number  of  Crus- 
tacea at  the  surface  at  4  a.  m.  My  observations  do  not  agree  with  their 
results.  Kigs.  1  to  4  do  not  siiow  a  morning  maximum  with  tlie  exception 
of  young  Daphuin  hifalina  in  th«*  second  series.  On  the  other  hand.  Diap- 
tomus  reached  a  maximum  at  7:30  p.  m.,  adult  D.  hyalina  at  7:30  and  8 
p.  m.,  and  Cyclops  at  7:30  p.  m.  and  midnight.  Also,  each  of  the  other 
forms  showing  a  diurnal  movement,  reached  Its  maximum  about  8  p.  m. 

CAUSES  OF  DIURNAL  MOVEMENT. 

Various  theories  have  been  advanced  to  account  for  this  phenomenon. 
It  has  been  ascril)ed  to  various  factors  such  as  fooil,  temperature,  light, 
gravity,  and  In  some  cases  chemical  stimuli.  ExiH»rlments  on  several  of 
the  Crustacea  whldi  show  diurnal  movement,  seem  to  show  that  light  is 
the  primary  factor.  But  generally,  there  are  other  factors  involved  which 
may  mmlify  tlie  effect  of  light  to  a  very  considerable  degi-ee,  thus  making 
the  phenomenon  complex  instead  of  apparently  very  simple. 

The  migrating  fr.rms  of  Winona  I^ake  may  be  separated  into  two 
groups.  The  first  group  includes  those  whose  day  iwsition  Ijears  a  more 
or  less  direct  relation  to  the  intensity  of  the  sunlight.  Daphnia  hyalina 
and  Mrociirra,  DiupUnmm,  and  Cyrlo})s  belong  to  this  group.     The  Daphnias 
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desert  the  upper  meter  or  two  on  bright,  sunny  days  and  the  other  two 
members  occupy  this  region  in  ratlier  limiteil  numbers.  But,  on  cloudy 
days,  all  are  found  in  this  region  in  nearly  as  large  numbers  as  at  night. 
This  seems  to  show  that  liglit  is  the  primary  factor  controlling  their  move- 
ments. Tliey  move  down  to  avoid  intense  liglit  and  then  move  up  into 
this  region  again  as  soon  as  the  intensity  of  tlie  liglit  is  sutflciently  de- 
creased. 

Episcliura,  Lrptodora,  and  Corethra  larvnc  belong  to  the  second  group. 
The  depth  to  which  these  descend  in  the  daytime  did  not  depend,  appar- 
ently, upon  the  iiitensitj'  of  the  sunlight  as  they  were  found  at  the  same 
depth  on  cloudy  as  on  clear  days.  Besides,  it  does  not  seem  probable 
that  sunlight  alone  would  cause  thom  to  descend  to  so  great  a  depth,  that 
Is,  Ave  to  seven  meters  or  more,  especially  since  the  transparency  of  the 
water  was  so  low,  2.1  to  2.5  meters.  Tlierefore.  it  seems  reasonable  to 
suppose  that  some  otlier  factors  are  very  largely  responsllde  for  their 
movements. 

DaphnUi  jniJiraria  might  also  be  added  to  this  group.  While  it  showed 
only  a  very  slight  tendency  toward  diurnal  movement  in  Winona  Lake,  It 
did  show  distinct  and  regular  migrations  in  one  of  the  Wisconsin  lakes 
upon  which  tlie  writer  made  observations.  In  the  latter  lake  the  same  as 
in  Winona  Lake,  it  remahuMl  in  and  below  the  thermodine  in  the  daytime, 
and  in  neither  case  was  its  day  position  affected  by  the  intensity  of  the 
sunlight.  In  general,  the  diurnal  migration  of  all  the  memliers  of  this 
group,  seenij^  to  l>e  much  more  akin  to  the  "nocturnal  habits"  of  many 
other  animals,  tlian  are  tlie  movements  exhibited  by  tlie  members  of  the 
first  group. 

Some  Crustacea  upon  which  experiments  have  been  performed,  have 
shown  that  they  are  attracted  by  diffuse  light  If  this  were  true  of  all 
Crustacea,  and  if  it  were  to  hold  true  for  them  in  their  natural  haunts 
as  well  as  in  the  laboratory,  then  one  miglit  suppose  that  there  w^ould 
be  morning  and  evening  surface  increases  of  about  equal  proportions. 
Furthermore,  it  would  not  be  unreasonable,  perhaps,  to  expect  moonlight 
to  produce  an  api)reclal>le  effect,  if  the  Crustacea  were  attracted  by  diffuse 
light.  For  the  most  part,  however,  tlie  truth  of  this  suppositicm  is  not 
confirmed  by  the  Crustacea  of  Winona  Lake.  With  the  exception  of  the 
young  Daphnia  hyalinn  in  the  second  all-night  series,  there  was  no  morn- 
ing surface  increase  comparable  in  every  way  to  that  of  the  evening. 

9— Academy  of  Science. 
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Dinptonnis  was  the  only  other  form  that  showed  any  tendency  toward  a 
considerable  surface  Increase  after  midnight,  but  Its  morning  increases 
were  much  smaller  than  those  of  the  evening.  Then,  too,  moonlight  had 
no  appreciable  effect  upon  the  diurnal  movement  of  any  of  the  Crustacea. 

SUMMARY. 

1.  There  was  comparatively  little  change  in  the  quantity  of  plankton. 

2.  Diurnal  movement  was  shown  by  Epischura,  Diaptomus,  Cyclops, 
Daphnia  hyalina  and  retrocuria  Diaphanosoma,  Leptodora,  and  Coreihra 
larvae. 

3.  These  various  forms  reached  a  maximum  at  the  surface  about  8 
p.  m. 

4.  Light  is  a  very  important  factor  in  the  movement  of  Diaptomus, 
Cyclops,  and  Daphnia  hyalina  and  retrocurra.  It  is,  apparently,  not  so  Im- 
portant a  factor  in  the  movement  of  Epischura,  Daphnia  piilicaria,  Lepto- 
dora,  and  Coreihra  larvai. 

5.  Diurnal  movement  was  not  affected  by  moonlight. 
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EXPLANATION  OF  FIGURES. 

F!g.  1.     Diaptomus.     Scale,  one  vertical  space  equals  100  individuals 
per  hundred  liters  of  surface  water. 

- August  5-6. 

August  27-28. 

Fig.  2.     Cyclops.     Scale,  one  vertical  space  equals  50  individuals  per 
hundred  liters  of  surface  water. 

August  6-6. 

August  27-28. 

Fig.  3.    Daphnia  hyalina.    Scale,  one  vertical  space  equals  50  individ- 
uals iKT  hundred  liters  of  surface  water. 
Adult.   ) 


C  August  5-6. 
Young.  ) 


Fig.  4.     Daphnia  hyalina.     Scale,  one  vertical  space  equals  60  individ- 
uals i)er  hundred  liters  of  surface  water. 

Adult.    1   ,  _  _ 

[  August  27-28. 
Young.  ) 
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/'.    The  J^iRDs  OF  AVinona  Lake. 
Clarence  Guy  Littell. 

During  the  summer  of  1902,  from  June  21  to  August  28,  while  a  stu- 
dent at  the  Indiana  University  Biological  Station  I  devoted  all  of  my  time 
to  a  field  study  of  the  birds  about  Winona  Lalje.  I  present  here  my  notes 
on  the  occurrence  and  habits  of  the  birds  observed. 

The  region  about  Winona  Lake  was  fully  described  in  the  Proceedings 
Indiana  Academy  of  Science  for  1901  and  a  detailed  description  Is  not 
necessary.  Suffice  it  to  say  that  the  lake  is  surrounded  by  swamps, 
flooded  in  times  of  extreme  high  water,  and  by  hills  reaching  a  height  of 
forty  feet.  The  vegetation  varies  from  the  aquatics  in  the  margin  of  the 
lake  to  swamp-grasses  and  bushes  in  the  marshes,  and  to  oak  forests  on 
the  hills. 

Observations  on  birds  were  all  made  within  a  radius  of  one  mile  from 
the  lake  shore.     In  the  following  list  the  numbers  in  brackets  refer  to 
the  A.  O.  U.  Code  and  Check-list. 
[6]    Podilymbns  podiccpa  (Linn.).    Pied-billed  Grebe. 

This  Grebe  is  not  common  around  Winona  Lake.    I  have  only  seen  it 
twice,  both  times  near  the  reedy  shores  of  the  western  side. 
[190]  Botaw^m  lentujhioxm  (Moutag.).     American  Bittern. 

I  have  flushed  this  bird  several  times  in  a  small  swamp  at  the  south- 
eastern corner  of  the  lake,  but  have  been  unable  to  find  a  nest 
[191]  Ardetta  exilU  (Gmel.).     Least  Bittern.     Fig.  3. 

This  bird  is  rather  common  in  the  small  swamps  bordering  on  the  lake, 
but  owing  to  the  lateness  of  the  season  when  I  arrived,  I  was  able  to  find 
but  one  nest  which  contained  at  the  time  three  pure  white  eggs.  I  found 
this  nest  on  July  23,  in  the  middle  of  a  swamp.  It  was  a  platform  of 
grasses  set  in  the  swamp  grass. 
[194]  Ardea  herodias  Linn.     Great  Blue  Heron. 

This  bird  has  been  identified  flying  over  the  lake  several  times.    I  have 
never  flushed  it. 
[201]  Ardta  rirrs^rrnA  \Auiu     Green  Heron. 

This  species  is  common  around  the  lake  and  undoubtedly  nested  In  the 
vicinity  in  numbers  in  the  spring.  I  found  several  old  nests  that  I  believe 
were  built  by  this  bird. 
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[214]  Porzarm  cavohna  (Linn.).     Sora. 

I  flushed  three  of  these  rails  in  a  cornfield  near  a  swamp,  in  the  latter 
part  of  July.  After  a  short  flight  they  dropped  into  a  marsh,  and  I  failed 
to  find  them  again. 


[256]   Totanus  sohkirttM  iWils.).     Solitary  Sandpiper. 

This  bird  is  probably  not  rare  around  the  lake  although  I  flushed  it 
but  three  times.  It  stays  in  rather  removed  places.  Twice  I  saw  it  on  a 
sandbar  on  the  western  side  of  the  lake. 
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[263]  Arttlis  imwularia  (Linn.).     Spotted  Sandpiper. 

The  most  common  wader  around  the  lake. 
[273]  ^EgialiUs  vocifera  {Liinn.),     Killdeer. 

Common.    Often  seen  along  railroad  and  on  golf  links. 
[289]  Colinus  virginianus  (Linn.).     Bobwhite.     Figs.  1  and  2. 

Very  common. 
[316]  Zenaidum  mcKTOMra  (Linn.).     Mourning  Dove.    Fig.  4. 

Very  common  around  the  lake,  nesting  all  through  the  summer  in  nil 
sorts  of  places.  It  seems  to  prefer  places  near  lake  shore.  I  found  one 
nest  on  a  brush  pile,  about  twenty  feet  from  the  lake  In  a  very  exposed 
position;  another  in  a  tree  overhanging  the  lake,  In  a  small  hollow,  where 
the  limb  joined  the  trunk.  The  nest  in  the  latter  case  consisted  of  two  or 
three  dead  leaves. 
1^23]  Cathartes  aura  ilAnn.).    Turkey  Buzzard.  • 

Common. 
[331 J  Circus  hud3oniu8  {JAnn,).    Marsh  Hawk. 

Common  around  the  lake.    Nests  in  marshy  places  near  small  inlets. 
[333]  Accipiter  cooperi  (BouA^.),    Cooper's  Hawk. 

Not  common.    I  have  identified  one  specimen  while  flying. 
[337]  Buteo  borealis  (Gmel.).    Red-tailed  Hawk. 

Not  rare.     I  have  identified  it  several  times.     It  is.  however,  much 
more  common  farther  south. 
[360]  Falco  sparverius  Linn.    Sparrow  Hawk. 

Not  rare.    I  have  identified  it  several  times,  but  it  is  not  common. 
[368]  Syrnium  nebidoswn  (Forst.).     Barred  Owl. 

Rare.    One  specimen  was  shot  here  in  the  summer  of  1901.    Personally, 
I  have  never  seen  it  here. 
[373]  Megascops  asio  (Linn.).    Screech  Owl. 

Common.     Breeds  in  numbers  although  all  young  w^ere  out  when  I 
arrived. 
[376]  Bubo  virginianus  (Gmel.).    Great  Homed  Owl. 

I  have  heard  this  owl  twice  during  the  summer.    Probably  not  vorj' 
common. 
[387]  Cocq/zu8  americanus  CLiim.).    Yellow-billed  Cuckoo. 

Very  common.    Breeds  commonly  all  during  summer. 
[388]  Coccyziuf  erythrophOuilmm  (Wils.).     Black-billed  Cuckoo.    Figs.  5,  6, 

7  and  8. 
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Common,  but  not  easily  seen.  I  found  one  nest  on  the  side  of  a  rather 
steep  hill,  the  female  was  sitting  on  the  nest.  I  took  a  negative  of  her 
just  as  she  was.  I  then  scared  her  off  the  nest  and  found  that  she  only 
had  one  egg.  This  was  on  the  morning  of  July  13.  I  came  back  every 
morning  and  made  negatives  of  her  on  the  nest  In  different  positions, 
afterwards  scaring  her  off,  but  I  found  only  one  egg  until  July  17.  At 
three  o'clock  in  the  afternoon  of  the  17th  I  found  two  eggs.  The  eggs 
were  smaller  than  those  of  the  Yellow-billed  Cuckoo  and  did  not  have 
the  bluish  cast  The  nest  is  a  much  better  affair  than  the  Yellow-billed 
Cuckoo  builds.  By  the  18th  I  could  approach  my  hand  within  eighteen 
inches  of  the  cuckoo  before  she  left  the  nest.  Whenever  she  left  her  nest 
she  generally  flew  about  thirty  feet  and  tlien  sat  perfectly  motionless  until 
I  left.  She  hardly  ever  uttered  a  sound.  Her  positions  on  the  nest  were 
at  times  rather  acrobatic.  This  is  Illustrated  to  some  extent  by  the  photo- 
graphs. On  July  24  the  first  egg  was  hatched  Into  one  of  the  ugliest  young 
birds  I  have  ever  seen.  On  July  2G  egg  number  two  had  disappeared  but 
the  young  cuckoo  was  thriving.  On  July  27  feathers  were  pretty  well 
started.  On  July  28  everything  was  as  usual,  on  the  afternoon  of  the  30th 
the  bird  had  disappeared.  It  did  not  seem  ready  to  leave  the  nest  but 
probably  the  mother  coaxed  it  off  early  on  account  of  my  visits. 
[390]  Ceryle  alq/on  (Linn.).     Belted  Kingfisher. 

Very  common.     I  found  one  nest  in  a  railroad  bank.     Another  in  a 
steep  bank  along  a  creek. 
[393]  Dryohalcs  villoifw  CLiun.).     Hairy  Woodpecker. 

Four  individuals  of  this  si)ecies  were  seen  this  summer. 
[394]  Di-yobatof  pubescent  {liinn.).    Downy  Woodpecker. 

Very  common. 
[402]  Sphyrapkus  varim  (Linn.).     Yellow-bellied  Sapsucker. 

Common. 
[406]  Melanerpes  erythrcjceplmlm  (Linn.).     Red- headed  Woodpecker. 

Very  common.    These  Woodpeckers  have  become  very  tame,  especially 
on  the  Winona  Assembly  ground.    They  frequently  hop  around  in  the  road 
like  English  Sparrows. 
[412]  Colaptcs  auratxts  (L\xm.).    Flicker. 

Very  common. 
[417]  Antrostomm  vocifenui  (Wils.).     Wliip-poor-will.     Figs.  9,  10, 11,  12,  16. 

Common.    Often  heard,  but  rarely  scon.    I  found  one  nest  on  June  27. 
I  was  crossing  an  old  and  rotten  rail  fence  at  the  top  of  a  woody  embank- 
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ment  which  sloped  off  sharply  to  Cherry  Creek.  The  hill  was  covered 
with  young  willows,  weeds  and  old  dry  leaves.  Large  red  oaks  were 
scattered  plentifully  here  and  there.  The  top  rail  on  the  fence  broke  with 
my  weight  and  I  dropped  with  a  crash  on  the  other  side.  It  seemed  that 
at  almost  the  same  time,  I  heard  a  loud  chuck.  About  five  feet  in  front 
of  me  a  female  Whip-poor-will  was  lying;  she  looked  as  if  I  had  fallen 
upon  her.  She  lay  with  outspread  wings,  with  head  and  tail  up,  the  middle 
part  of  her  body  sagging  down  as  if  her  back  were  broken.  Somewhat 
deceived,  I  started  toward  lier  but  she  edged  away,  still  going  through 
various  contortive  tricks.  I  looked  around  and  stepped  cautiously  in  the 
direction  from  which  I  thought  she  came,  the  frightened  bird,  all  the 
while,  giving  a  series  of  angry  chucks.  Finally  in  a  bunch  of  poison  ivy, 
I  found  an  elliptical  brown  and  lilac  spotted  egg  in  the  least  indentation 
in  the  dry  leaves.  About  six  inches  away  was  the  shell  of  another  egg. 
But  where  was  the  young  bird?  At  last  I  saw  it;  not  only  saw  it  but 
comprehended  that  it  was  a  young  Whip-iK)or-will.  It  lay  close  to  the 
egg,  and  looked  something  like  a  piece  of  mouldy  earth.  A  few  feet  away 
it  seemed  to  fade  right  into  the  ground.  It  was  perfectly  helpless  and* 
was  apparently  not  more  than  an  hoiu-  old.  I  took  a  negative  of  it  and 
left  immediately  so  as  to  allow  the  mother  to  go  back  on  the  nest  When 
I  stole  back  softly,  in  five  minutes,  she  was  brooding.  She  resiembled 
perfectly  the  dead  leaves  around  her.  If  she  had  not  been  frightened  by 
the  breaking  rail,  I  would  never  liave  discovered  her.  I  left  at  eleven 
o'clock  (June  21)  and  returned  at  four  o'clock  that  afternoon  and  the  un- 
hatched  egg  was  chipped  in  one  place.  I  reached  the  nest  next  morning 
at  eight  o'clock  and  young  Whip-poor-will  No.  2  w^as  Just  out  of  the  shell. 
There  was  still  a  piece  of  shell  sticking  to  the  down  on  its  back.  I  Judged 
that  No.  2  was  about  twenty-one  hours  younger  than  No.  1.  I  took  a  neg- 
ative of  the  two  young  ones  and  left.  I  had  read  that  a  mother  Whip-poor- 
will  carried  her  young  awr.y  a  distance  if  they  are  handled.  I  resolved, 
therefore,  although  I  did  not  put  much  faith  in  the  statement,  to  build  a 
pen  around  the  nest.  This  I  did  on  the  afternoon  of  June  28.  When  1 
went  up  softly  1  could  now  put  my  hand  within  two  feet  of  the  old  female 
before  she  would  move.  Wlien  she  did  go  she  Jumped  up  in  a  hurry, 
kicking  the  young  several  inches  apart,  where  they  lay  very  still.  She 
would  fall  within  three  or  four  feet  of  nie  and  go  through  the  broken  back 
performance,  giving  at  the  same  time  hoarse  but  vigorous  chucks.    After 
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a  time  she  would  fly  off  twenty  or  thirty  feet  and  sit  either  on  a  stump  or 
lengthwise  on  a  limb  or  log.  She  always  sat  lengthwise  with  her  head 
toward  me  and  apparently  did  not  move  an  eyelid  while  I  was  there.  I 
would  scarcely  leave  the  nest  until  she  would  be  back  brooding.  Her 
flight  was  always  perfectly  noiseless.  In  leaving  the  nest  the  bird  n^ver 
emitted  a  sound,  but  as  soon  as  she  fell  to  the  ground  she  always  gave  the 
same  rapid  scries  of  hoarse  chucks. 

Her  large  full  eye  was  always  very  noticeable  at  such  times.  I  re- 
turned at  9  a.  m.  June  20.  The  young  one  No.  2  was  just  about  two-thirds 
the  size  of  the  older  one.  The  day  was  cold  and  raw  and  the  older  bird 
commenced  to  utter  a  shrill  peet.  This  sound  was  perfectly  indistingoish- 
able  to  me  at  a  distance  of  ten  feet.  However,  it  reached  the  ears  of  the 
mother  who  sat  thirty  feet  away.  She  immediately  became  restless  and 
commenced  to  fly  from  one  object  to  another  until  I  took  the  hint  and 
left  I  was  scarcely  forty  feet  away  when  I  saw  the  mother  fly  to  the 
nest. 

I  returned  at  4  o'clock  in  the  afternoon  of  the  same  day  (July  29).  The 
older  of  the  young  ones  could  now  toddle  around  some  and  was  not  quite 
as  helpless.  The  mother  bird  in  rising  kicked  the  two  little  birds  about 
two  feet  apart.  The  younger  lay  perfectly  still  where  she  kicked  It.  but 
the  older  one  toddled  on  about  one  foot  farther  and  hid  under  a  leaf  where 
It  was  perfectly  indistinguishable. 

On  the  next  day,  June  30,  the  older  bird  could  run  quite  lively  for  a 
short  distance.  It  ran  with  extended  wings,  as  a  quail  does.  The  younger 
was  still  helpless.  On  this  day  I  searched  the  entire  neighborhood  to  see 
If  I  could  scare  up  the  male  bird.  I  had  never  seen  him  yet  I  hunted 
in  vain.  I  returned  to  the  nest  and  while  gazing  at  the  mother  bird  brood- 
ing I  saw  to  my  astonishment  a  large  mosquito  light  on  her  head  near  the 
base  of  her  bill.  The  mosquito  probed  around  awhile  and  then  crawled 
out  to  the  very  tip  of  her  bill,  stayed  there  meditating  for  a  minute  and 
then  flew  away.    All  the  while  the  mother  bird  never  moved  a  muscle. 

I  returned  to  the  pen  on  the  morning  of  July  1  and  found  the  birds 
where  I  had  left  them.  The  younger  bird  could  now  move  around  pretty 
lively,  but  was  much  smaller  than  the  other.  The  old  bird  was  getting 
accustomed  to  my  presence  now,  so  that  1  could  photograph  her  with  the 
lens  of  the  camera  not  more  than  three  feet  from  her,  withdut  scaring  her 
from  the  nest  After  taking  the  negative  I  approached  my  hand  within 
six  inches  of  her  befwe  she  quietly  but  quickly  flew  away.    She  still  per- 
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sisteU  in  her  aerotiatic  tricks  to  try  to  draw  me  awaj  from  the  nest  and 
she  did  in  fact  go  through  this  same  performance  every  time  I  visited  her. 

On  the  next  day,  July  2.  I  seared  the  mother  from  the  nest  by  touch- 
ing lier  on  the  head  and  the  two  little  Whlp-i)oor-wills  both  ran  and  hid 
under  a  leaf.  It  took  some  little  time  for  me  to  find  them  again.  The 
older  now  had  promise  oi  future  feathers.  Nothing  was  visible  on  the 
younger  but  down. 

July  3,  when  I  attempted  to  scare  the  mother  bird  from  the  nest  she 
flew  around  my  head  (luite  fiercely,  touching  my  ear  once  with  her  wing 
and  then  fell  to  the  ground  in  lier  usual  attitude  of  broken-back  misery. 
The  older  of  the  two  young  ones  now  had  the  beginning  of  some  mottled 
feathers. 

At  9  o'clock  on  the  following  morning,  July  4,  I  arrived  at  the  pen. 
Imagine  my  surprise  and  chagi'in  to  find  tlie  enclosure  empty.  Apirar- 
ently  I  was  wrong  and  Whip-iwor- wills  did  carry  their  young  away.  1 
decided  she  could  not  carry  them  very  far  away  so  I  commenced  to  l>eat 
the  buslies  around  the  pen.  About  ten  feet  north  of  the  pen  I  flushed  the 
mother  bird.  I  looked  down  just  In  time  to  see  young  Wliip-poor-wlll  No. 
1  run  under  a  leaf  but  did  not  see  No.  2  at  all.  I  looked  around  under  the 
leaves  for  a  few  minutes  and  finally  discovered  No.  2  sitting  calmly  ui  an 
old  leaf  riglit  lief  ore  my  eyes.  I  lirouglit  them  together  and  photographed 
tlieni.  It  was  a  warm  day  and  they  were  directly  in  the  sun's  rays.  In  a 
sliort  time  I  noticed  that  tiieir  throats  began  to  vibrate  rapidly  and  each 
uttered  a  few  shrill  pi^ets.  HoUi.  then,  almost  slmultaneonsly  toddled  off 
and  stoi)ped  in  tlie  slieltcr  of  a  little  wchhI.  I  left  them  and  examined  the 
pen.  I  found  several  plac»*s  wliere  even  the  old  Whipiioor-will  could  get 
(ln*ough.  I  tlierefore  d<M-ided  that  slie  had  coaxed  them  to  follow  her 
instead  of  carrying  tiiem.  So,  to  prove  it,  1  brought  a  box  with  the  bottom 
knocked  out  and  about  one  and  one-half  feet  high,  and  placed  this  over 
t\w!  nest.  I  reasonctl  that  if  she  carritnl  them  she  could  carry  them  out  of 
tliat  box  without  any  trouble:  if  she  ctiaxed  them  they  could  not  get  out 
as  one  and  one-half  feet  was  too  much  for  the  young  ones. 

I  returned  three  days  later,  July  7.  The  family  were  still  there  just  as 
1  liad  left  tliem.  Whip-poor-will  No.  1  now  had  a  much  better  coat  of 
f<'atliers.  and  quills  were  l:^eginning  to  appear  on  No.  2.  I  made  a  visit  to 
the  nest  once  every  day  now  for  four  days  and  after  scaring  the  Whip- 
poor-will  ofT  would  retire  to  a  distance  and  then  slip  back  softly.  I  found 
tliat  the  niotlier  bird  iuvarialily  lit  on  llie  edge  of  the  box  before  going  to 
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the  nest.  She  always  lit  on  the  north  side  of  the  box.  No  new  develop- 
ments appeared  until  four  days  later,  on  July  11.  When  I  arrived  at  fif- 
teen minutes  of  nine  on  the  following  morning,  I  set  my  camera  down  and 
wallied  boldly  up  to  the  nest  to  inspect.  A  little  noise  never  scared  the 
old  l>ird.  When  I  got  about  five  feet  from  the  box  a  bird  sprang  out,  but 
not  the  homely  little  female.  This  was  a  Whip-poor-will  undoubtedly,  but 
it  had  a  white  ring  around  its  neck  and  also  displayed  two  dazzling  white 
tail  feathers.  At  last  I  had  found  the  male  brooding.  He  did  not  fall  at 
my  feet  as  did  the  female  but  flew  to  a  log  about  thirty  feet  away,  eyed 
me  with  evident  disapproval,  uttered  a  few  protesting  chucks  and  then 
with  a  flirt  of  his  white  tail  featliers  vanished  among  the  bushes.  I  now 
turned  to  the  nest  and  to  my  surprise  found  only  one  bird  there  aud  that 
was  Whip-poor-will  No.  2.  It  was  all  made  plain  now.  The  mother  had 
succeeded  in  getting  the  older  one  to  fly  over  but  the  younger  was  not 
able  to  do  so.  Therefore,  she  had  spirited  the  older  away,  leaving  her 
mate  to  brood  the  younger.  I  retreated  a1[)out  thirty  feet  and  sat  down  to 
watch  developments.  In  about  ten  minutes  the  male  Whip-poor-wlU  ap- 
peared, lit  on  the  edge  of  the  box  opposite  to  the  side  that  the  female  al- 
ways lit  on,  sat  there  tw^o  or  three  minutes  and  then  dropped  in.  I  ap- 
proached and  tried  to  get  a  photograph  of  him  but  he  absolutely  refused  to 
sit  for  me  and  so  I  left.  I  returned  twice  the  next  day,  July  12,  to  get  a 
negative,  but  he  >vas  just  as  wild  as  ever.  When  I  arrived  at  the  box  at 
8:30  the  following  morning,  July  13,  the  box  was  empty;  the  last  bird  had 
flown.  Thus  is  the  history  of  tlie  family  for  sixteen  days,  that  being  the 
time  re<iuired  for  them  both  to  fly.  They  would  have  probably  remained 
near  tlie  old  nest  several  days  longer  if  they  had  been  undisturbed. 
[420]  Chor<1  files  nnjtnnmitJi  (Gmel. ).     Night  Hawk. 

Not  rare.    I  saw  it  three  times  during  the  summer. 
[423]  Chi  tarn  pel mjka  (Limi. ).     CI limney  Swift. 
[428]   Tn^'hihm  colvbn'H  Linn.     Ruby -tliroa ted  Humming  bird. 

llather  common.    I  have  been  unable  to  find  a  nest  but  have  seen  this 
bird  very  often. 
[444]   TijntniuM  tymawts  (Ltinn.).     King  Bird. 

Very  common.     One  of  the  liveliest  and  commonest  birds  around  the 
Inlvc. 
[452]   yfijiarrhxi*  vr'niitns  (Llmi.)-     Great  Crested  Fly catclier. 

Conimon. 
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[4ri6]  Suffonu's  phnht'  (Latli. ).     Plia»be.     Fij?.   17. 

Coninioii.     Hreodinj?  all  throiijrh  tlio  simmu'r.     I  found  oiu*  nest  undor 
the  verjuula  roof  of  one  of  llie  hotels.    I  took  the  negative  shown  In  Fig.  17 
on  July  7.     The  nest  was  under  a  small  bridge  near  the  station.     It  con- 
taineil  four  young  almost  ready  to  tlj'. 
[461]  CoutftpuH  n'rem  (Limi.)-     Wood  Pewe«\ 

Very  common.  These  birds  are  very  common  in  the  Assembly  grounds 
and  have  become  tame.  I  found  several  nests;  one  with  fresh  eggs  on 
July  21. 
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[i65]  EiuphUniiix  riri'yrcm  (Vieill.)-     Acadian  Flycatclier. 

I  shot  Olio  of  those  July  7,  the  only  ono  I  have  identified  during  the 
Bummor. 
[477 J  CycuKX-ittn  rn'strttn  (Jjinn.).     Blue  Jay. 

Very  ooninion.  Tlieso  birds  have  beoonie  very  tamo  in  the  park,  eating 
remains  of  lunclios,  etc.  I  have  often  seen  one  take  a  bath  in  a  certain 
little  trough  of  running  water;  crowds  of  people  passing  within  eight  or 
ten  feet    I  found  one  nest  under  the  porch  roof  of  one  of  the  cottages. 
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[488]   Corrn)^  nmencanm  Aad.     CroW. 

Common.    These  birds*  lives  seem  to  be  a  burden  to  tliem  around  the 
lalie  on  account  of  the  numerous  Kingbirds  who  attack  them  at  every 
opportunity. 
[494]  Dolichonyx  orizivorun  (Linn  ).     Bobolink.     Fig.  13. 

Common.    These  birds  are  to  be  found  in  large  flocks  around  the  lake 
in  boggy  meadows.    I  have  found  several  nests.    Fig.  13  represents  a  nest 
in  a  clump  of  swamp  grass  on  the  edge  of  a  small  swamp. 
[495]  Molothrm  airr  {BodA.).     Cowbird.     Fig.  14. 

Common.  These  birds  seem  to  have  a  preference  for  the  nest  of  the 
Maryland  Yellow-throat.  It  is  an  exceptional  thing  to  And  a  nest  of  this 
little  warbler  without  its  young  Cowbird  or  Cowbird  eggs.  The  negative 
of  the  two  cowbird's  eggs  in  the  nest  of  a  Maryland  Yellow-throat  was 
taken  July  1. 
[497]  Xanth<x'*'ph(tlu8  .ranthocephaluii  (Bonap. ).     Yellow-headed  Blackbird. 

Rare.    I  have  seen  only  one  of  these  birds  this  summer.    It  was  sitting 
on  an  old  fence  post  in  a  dense  swamp. 
[498]  Agelaim  phcenicem  (Linn.).     Red-winged  Blackbird. 

Very  common.     These  birds  nest  in  large  numbers  around  Winona 
I^ake. 
[601]  StumeUa  magtia  (Linn.).     Meadow  Lark.     Figs.  18  and  19. 

Very  common.     Numerous  nests  were  found  on  the  golf  links  near 
the  lake  until  the  middle  of  August.     The  photographs  of  the  Meadow 
Lark's  nest  were  taken  July  17.    On  July  25  the  yoimg  had  left  the  nest. 
[506]  Tctcrux  apurim  {hiun.).     Orchard  Oriole. 

Not  common.    I  have  only  seen  three  pairs  this  summer. 
[607]  Icterm  galbida  (Linn.).  Baltimore  Oriole. 

Common. 
[611b]   Qui^alus  quo*cula  xnetti*  CRidgw,).     Purple  Grackle. 

Very  common.     This  bird  is  quite  common  in  the  park.     It  Is  found 
extensively  also  in  meadows  a  mile  or  so  back  from  the  lake. 
[629]  Spinm  triintlH  (Linn.).     American  Gold  Finch. 

Common.     These  beautiful  birds  are  quite  common  around  the  lake. 
I  have  often  seen  them  taking  a  bath  at  a  certain  sandy  beach  on  the 
southeast  shore  of  the  lake. 
[640]  Poociete^  gramineii^  (Giael.),     Vesper  Sparrow. 

Not  rare.    This  sparrow  is  fairly  common  In  the  higher  meadows  back 
of  the  lake. 


150 

[  —  ]  Pawner  (Jomestwui^  (Jjiun,).    English  ^parroW. 

Very  common. 
[542a]  A mmoflmmux  mndiiriche mis  savanna  (Wils.  )•    Savanna  Sparrow. 

Not  common.    I  shot  two  of  these  sparrows  in  a  bushy  pasture,  rather 
liigher  than  surrounding  fields.     They  are  very  difficult  to  see  as  they 
run  through  the  grass  and  will  rise  only  as  a  last  resort. 
[546]  Ammodramxu^  snvannaram  passerinu»  (VfiXs,),     Gras8hopi)er  Sparrow. 

Rare.    I  shot  one  of  these  sparrows  in  a  clover  field.    It  is  the  only 
one  I  have  identified  here  this  summer. 
[  547  ]  A  m  moilra mm  h'mlowii  ( And . ) .     Henslow  * s  Sparrow. 

Rare.     I  have  succeeded  in  talving  one  of  these  sparrows  in  a  wet 
meadow.    It  arose  from  a  tuft  of  grass  and  dived  into  a  willow  bush. 
[560]  SptzeUa  H(K'tal is  {Wils.).     Chipping  Sparrow. 

Common.    This  sparrow  does  not  seem  to  breed  here  as  commonly  as 
in  most  places  in  this  State. 
[563]  SpizeUa  pmilla  (Wils.).  Field  Sparrow.     Fig.  15. 

Very  common.     Tlie  pliotograph  was  taken  July  11.     The  nest  was 
situated  about  six  inches  above  the  ground  in  a  clump  of  grass. 
[581]  Me!(u<piza  ffiitciata  {GmeX.).    Song  Sparrow. 

Very  common.    Always  to  be  seen,  rain  or  shine,  sitting  on  the  top  of 
small  willow  trees  near  the  lake  on  the  eastern  side.     Tlie  photograph 
of  its  nest  was  taken  July  8. 
[584]  Mehtspiza  gcorgiana  (LsAli.).    Swamp  Sparrow. 

Not  rare.    I  have  seen  only  five  or  six  of  these  dark  colored  sparrows 
this  summer. 
[587]  l^ipUo  enjthrophthalmus  {lAvLii.).     Towhee. 

Very  common.  A  bird  whose  power  of  song  Is  of  no  mean  order. 
Always  to  l>e  found  among  the  hazel  bushes  around  the  lake  scratching 
among  the  dead  leaves.  I  found  a  nest  with  eggs  as  late  ns  August  20. 
Tliey  keep  singing  tlu'oughout  August.  With  the  exception  of  the  Wood 
Pewee  this  is  the  most  abundant  species  seen  about  the  lake  in  August. 
[593]  (hrdinnh'M  rardhwli,^  (Linn.).     Cardinal  Grosbeak. 

Common.    To  be  heard  at  all  times  of  day  from  some  lofty  perch. 
[595]  Ihihia  huloricimm  (Linn.).    Rose- breasted  Grosbeak. 

Not  raro.  I  linve  seen  this  l)oautiful  bird  several  times  and  heard  it 
much  oftenor.  It  is  generally  flitting  around  in  a  double  row  of  old  wil- 
lows in  the  park. 
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[598]   Patwer'ma  cyanea    (Linn.)-     Indigo  Bunting. 

Very  common.    Its  song  is  one  of  the  most  persistent  all  through  the 
summer. 
[fi04]   Spiza  americana  {Gtmel.).     Dickcissel. 

Not  common.  Tliis  bird  is  not  as  common  as  in  southern  and  central 
Indiana.    I  have  only  schmi  ten  or  twelve  individuals  this  summer. 

[6(J8]   Piranga  tn/fhromehu  Vieill.     Scarlet  Tanager.     Fig.  20. 

Common.  1  have  succeeded  In  finding  but  one  nest  of  this  bird  this 
summer  but  they  are  doubtless  fairly  common.  I  photographed  the  nest 
on  August  2.  It  then  contained  three  egprs.  The  nest  was  on  the  horizon- 
tal limb  of  a  red  oak.  about  six  fet»t  from  the  trunk  and  twelve  feet  from 
the  ground. 
[610]   Pir(inga  rubra  {Jjinn,),     Sammer  Redbird. 

Rare.     I  have  seen  but  one  individual  of  this  8i>eele8. 
[611]  l*ro(jne  Hiifm  CLinn.).     Purple  Martin. 

Common.. 
[612]  PHnjchelidon  Innifmm  (Say).     Cliflf  Swallow. 

Not  rare.    This  bird  Is  not  often  sc^en.    It  is  more  common  inland  than 

near  the  lake. 

[613]  (luiidon  erythrognMer  (Bodd.  )•     Bam  Swallow. 

Common.    Often  seen  skimming  the  air  near  and  over  the  lake. 

[614]   Tachycineta  hicohr  (Vieill.).     Tree  Swallow. 

('ommon.  Living  In  dead  trees  close  to  the  lake.  Often  seen  skimming 
over  the  surface  of  the  lake  seemingly  within  three  or  four  inches  of  the 
water. 

[616]   i'lhicol  I  rlpffria  (hiun.).     Bank  Swallow. 

Common.  Found  nesting  in  the  l)ank  of  the  railroad  and  various 
places. 

[619]  A mpelis  red rornm  {Yieill.).     Cedar  Bird. 

Not  common.  1  have  seen  rhr(»e  pairs  this  summer.  On  August  19  I 
found  a  pair  of  these  binls  in  a  swamp  with  two  young.  They  had  left 
the  nest. 

[622]   LaniuH  ludorirkmus  Linn.     Loggerhead  Slirike. 

This  bird  is  not  very  common  around  the  lake.  I  have  seen  two  indi- 
viduals. Their  nesting  time  is  so  much  earlier  than  when  I  arrived  that 
all  that  did  nest  here  had  left  to  wander  over  the  country. 
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[624]    Vireo  olirarcuM  CLinn.).    Red-eyed  Vireo. 

Common.    Probably  much  more  common  than  they  seem,  as  they  are 
rather  hard  to  identify  if  they  do  not  sing.    A  most  curious  bird.     I  have 
seen  one  of  these  little  birds  follow  me  over  one  hundred  yards  from  pure 
curosity  apparently. 
[627]    Vireo  (jiirm  (VieilL).     Warbling  Vireo. 

Fairly  common.    This  little  bird  is  much  oftener  heard  than  seen.     It 
prefers  lofty  perches,  generally  around  damp  places.    I  have  in  mind  a 
very  large  willow  near  the  lake  shore,  in  swampy  ground,  that  often  offers 
a  perch  for  one  of  these  songsters. 
[628]   Vireo  flaii/rom  yieill.    Yellow- tln*oated  Vireo. 

Not  common.    At  least  I  have  not  often  recognized  it. 
[636]  MniotiUa  ran'a  (Linn.).     Black  and  Wliite  Warbler. 

Rare.    I  have  seen  but  one  specimen  of  this  warbler.     It  was  picking 
industriously  at  an  old  gnarled  root  of  a  white  oak.    The  tree  was  on  the 
bank  of  Cherry  Creek,  about  one  half  a   mile  up  from  the   mouth.     I 
searched  all  around  the  tree  but  could  find  no  sigin^  of  a  nest. 
[662]  DemJroica  xntivn  (Gmel. ).     Yellow  Warbler.    Fig.  21. 

Very  common.  This  bird's  nest  is  very  often  found  in  young  willows 
and  in  rose  bushes  around  the  lake.  In  this  region  they  seem  to  prefer 
swampy  places  for  nesting.  1  have  frequently  seen  males  of  this  species 
with  the  chestnut  stripes  few  or  wanting  entirely.  The  nest  in  the  photo- 
graph was  taken  on  July  1.  It  was  situated  in  a  wild  rose  bush  on  the 
edge  of  a  swamp. 
[658]  Dendroirn  ram  (Wils. ).     Cerulean  Warbler. 

Rare.    I  have  noted  two  of  tliis  species.    I  sliot  one  of  them.     It  was 
liunting  over  the  bark  of  an  old  oak,  up  in  the  topmost  branches.     The 
other  one  was  in  the  top  of  a  large  sycamore. 
[674]  SeiuniB  aurocapilliis  (Jjiim.).     Oven  Bird. 

Rare.    The  rather  damp  forests  do  not  seem  to  be  adapted  to  this  bird. 
1  secured  one  specimen  and  recognized  it  at  another  time. 
[675]  Sehinis  noveboracensis  (Gmel.).     Water  Tlurush. 

Not  rare.    This  is  a  hard  bird  to  identify  and  is  perhaps  more  comiiioii 
than  It  seems.    I  have  found  one  nest  on  the  bank  of  Cherry  Creek. 
[676]  Seiurwi  motacilla  (VieilL).     Louisiana  Water  Tlimsli. 

Not  rare.    To  be  seen  at  times  along  Cherry  Creek  and  the  lake  shores 
They  are  very  quick  in  their  movements  and  hard  to  see. 
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[677]  Geothlypi^f ormosa  {Wi\8.).    Kentucky  Warbler. 

Not  rare.  These  birds  inhabit  the  low  wet  woods  so  abundant  in  this 
region.    I  have  found  one  nest  here. 

leSl]  Geolhlypis  trichas  (Linn.).      Maryland  Yellow- throat.     Figs.   22,  23, 
24,  26. 

This  is  the  most  common  warbler  around  Lake  Winona.  In  fact  It  is, 
probably,  excepting  the  song-sparrow,  the  most  common  songster  here.  I 
have  found  numerous  nests;  generally  in  rather  damp  ground  at  the  bot- 
tom of  a  clump  of  weeds,  about  four  or  five  inches  up.  When  you  ap- 
proach the  nest  of  eggs  the  female  will  noisily  drop  over  the  side  and 
run  away  through  the  weeds,  from  which  it  is  almost  impossible  to  flush 
her.  When  their  young  are  hatched  they  resent  intrusion,  often  flying 
by  you  within  three  or  four  feet. 

On  the  morning  of  July  23,  I  found  a  nest  containing  three  eggs  of 
the  Maryland  Yellow-throat  and  one  of  the  Cowbird.  It  was  in  a  bunch 
of  weeds  within  six  inches  of  the  ground.  The  place  was  rather  damp 
and  about  twenty  yards  from  the  lake  shore.  It  was  so  cleverly  con- 
cealed I  would  never  have  found  it  had  not  the  female  jumped  np.  I 
took  a  negative  and  left,  coming  back  twice  a  day  till  July  26.  On  my 
flrst  trip  in  the  morning  the  eggs  were  still  unhatched  but  at  3  o'clock  in 
the  afternoon  I  found  the  Cowbird  and  one  Maryland  Yellow-throat 
hatched  and  another  almost  out  as  the  shell  was  chipped  considerably. 
I  came  back  at  5  o'clock  and  the  second  Maryland  Yellow-throat  was  out. 

On  coming  back  next  morning  things  were  the  same;  two  birds  and 
one  egg.  The  young  Maryland  Yellow-throats  kept  their  mouths  open  all 
the  time  while  the  Cowbird  never  opened  its  mouth.  The  young  Mary- 
land Yellow-throats  were  continuously  struggling  to  maintain  their  place 
and  keep  the  Cowbird  from  smothering  them. 

On  the  28th  the  extra  egg  had  disappeared  and  was  not  to  be  seen 
around  the  nest. 

On  the  29th  things  were  as  usual  and  on  the  30th  they  were  also  the 
same.  On  the  31st  the  last  born  Maryland  Yellow-throat  had  disappeared 
and  was  not  to  be  seen  around  the  nest.  The  Cowbfrd  and  the  remaining 
Maryland  Yellow-throat  had  feathered  out  pretty  well  by  this  time.  On 
August  4  the  Cowbird  was  occupying  the  entire  nest  and  the  Maryland 
Yellow-throat  was  sitting  on  the  edge.  They  were  both  ready  to  leave. 
Xu  the  afternoon  at  4  o'clock  the  nest  was  empty.    The  vociferous  cries 
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of  the  old  birds  assured  me  that  they  were  in  the  weeds  thereabouts,  and 

so  I  left  them. 

[683]  Icteria  virem  (Limi.).     Yellow-breasted  Cliat.    Fig.  28. 

Not  common.    I  found  only  one  nest  of  this  bird.    It  was  in  a  bush  three 
feet  up  on  a  steep  bank  sloping  down  Cherry  Creek  from  Chicago  Hill. 
I  photographed  it  on  July  13.    It  then  contained  three  eggs. 
[687]  Setophaga  ruticilla^i'Linn.).    American  Redstart. 

Common.    This  little  bird  is  often  seen  flashing  from  some  perch  after 
an  insect  and  then  returning  to  its  lookout  again.     I  found  one  nest  in 
the  fork  of  a  sapling  about  eight  feet  up. 
[70*]  Giilewcoptes  caroUnemis  (Lirm.) .    Catbird.     Fig.  27. 

Very  common.     Nesting  In  damp  thickets  largely.     The  nest  In  the 
photograph  was  discovered  July  2.    It  was  situated  in  a  bush  in  swampy 
ground  near  the  lake  shore. 
[706]  Harporhtfnchm  rvifm  (Linn.).     Brown  Tlirasher. 

Very  common.    A  bird  having,  as  a  rule,  extreme  devotion  to  nest  and 
seemingly  without  fear  when  disturbed. 
[718]  TkryothontB  ludovicianm  (LoAXi.),    Carolina  Wren. 

Rare.    I  have  seen  but  one  specimen  of  this  wren  and  that  was  about 
four  miles  away  from  the  lake,  near  an  old  abandoned  log  hut.    I  hunted 
diligently  for  a  nest  but  failed  to  find  one  or  to  see  the  mate. 
[721]   Troglodytes  a'edon  VieiW.     House  Wren. 

Not  common.    I  have  seen  but  nine  specimens  of  this  wren  during  two 
months  of  summer.     I  can  not  account  for  it  as  twenty  or  thirty  miles 
from  here  they  are  common.    The  large  number  of  Jays  in  the  park  and 
around  the  lake  may  have  something  to  do  with  It. 
[724]  Ciftothonoi  stellaris  (Lisht.).     Short-billed  Marsh  Wren. 

Rare.    I  noticed  one  of  these  birds  sitting  on  a  reed  in  a  marsh,  sing- 
ing.    The  marsh  was  full  of  the  long-billed  wren,  but  I  have  only  seen 
the  short-billed  wren  once  in  this  locality. 
[725]  CisMhorus }xiluiitri.'i  (Wils.).     Long-billed  Marsh  Wren. 

Common.  They  are  confined  to  the  little  swamps  around  the  lake. 
I  found  twenty-six  nests  within  twelve  square  feet  in  one  swamp.  The 
nests  are  globular  with  a  very  small  entrance  In  one  side  which  often 
takes  quite  a  search  to  find.  They  are  generally  lined  with  vegetable 
down  or  moss, 
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[727]  Sttta  randirymtM  Lath.    White-breasted  Nuthatch. 

Common.    These  birds  are  often  seen  around  the  lake.    I  have  watched 
a  pair  hunt  over  a  willow  within  four  feet  of  my  window. 
[728]  Sittn  catiaih'nm'ft  Linn.    Red-breasted  Nutliatch. 

Rare.     I  have  seen  one  si>eeimen  in  company  with  a  pair  of  White- 
breasted  Nuthatches.    These  were  hunting  on  some  large  oaks  near  Tippe- 
canoe River,  a  few  miles  away  from  the  lake.    Tliey  worked  within  twenty 
feet  of  me  at  one  time. 
[731]  Farm  6/ro/or  Linn.     Tufted  Titmouse. 

Common.     Generally  to  be  heard  and  then  seen. 
[735]  Paras  atrivapUlxiA  Linn.     Chickadee. 

Very  common.     To  be  seen  about  the  first  of  August  in  large  flocks 
among  the  trees.     Noted  by  their  wheezy  note  and  industrious  taping. 
[761]  Poliojttita  rnmh'o  (Linn.).     Blue-gray  Gnatcatcher. 

Not  common.    I  have  seen  only  four  individuals. 
[765]   Turdn.H  muxti'liwis  Gmel.     Wood  Thrush. 

Common.    Their  music  is  often  heard  around  the  lake. 
[761]  Mernht  migraiorUi  (Linn.).     Robin. 

Very  common. 
[  766  ]  *SVa/iVi  sinlis  ( Linn. ) .     Bluebird . 

Not  common.     Bluebirds  seem  to  avoid  this  locality  for  some  reason. 
I  have  not  seen  over  thirteen  or  fourteen  specimens  this  summer. 

DESCRIPTION  OF  FIGURES. 

Figure  1.    Nest  of  a  Bob  White  just  as  found. 

Figure  2.    The  same  nest  with  the  grass  which  concealed  it  pushed  aside. 

The  eggs  themselves  were  not  touched. 
Figure  3.    The  nest  and  eggs  of  a  Least  Bittern.    It  Is  a  mere  platform 

of  swamp  grass  about  two  feet  above  the  water.     The  water  was 

about  three  feet  deep. 
Figure  4.    The  nest  of  a  Mourning  Dove.    The  nest  was  in  a  very  exposed 

position  on  a  brush  pile.    It  was  about  twenty  feet  from  the  lake  shore. 
Figure  5.    Tlie  nest  and  eggs  of  a  Black-billed  Cuckoo.     It  was  on  the 

hanging  limb  of  an  oak  about  five  feet  from  the  ground. 
Figure  0.    The  same  nest  with  one  young  bird. 
Figure  7.    A  back  view  of  the  Black-billed  Cuckoo  sitting  on  her  nest, 
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Figure  8.    A  side  view  of  the  Blaclc-billed  Cuclcoo  on  her  nest. 

Figure  9.    Nest  of  Whip-poor-will  with  a  young  Whip-poor-will,  of  part  of 

the  shell  it  came  from  and  of  an  unhatched  egg. 
Figure  10.    A  view  of  the  two  young  Whip-poor-wills,  showing  difference 

in  size,  caused  by  about  twenty-one  hours  difference  in  age. 
Figure  11.    Female  Whip-poor-will  brooding  in  a  pen  place  around  the 

nest. 
Figure  12.    Whip-poor-will  lengthwise  on  a  log,  resembling  a  knot. 
Figure  13.    Bobolink's  nest  in  a  clump  of  swamp  grass.    One  side  of  the 

clump  of  grass  is  cut  away  to  expose  the  nest 
Figure  14.    Nest  of  a  Maryland  Yellow-throat  with  two  Cowblrd  eggs. 
Figure  15.    Field  Sparrow's  nest  and  eggs. 
Figure  16.    Female  Whip-poor-will  brooding.    The  two  young  have  their 

heads  out  in  front.    They  are  in  a  box  placed  around  them  after  she 

had  coaxed  the  young  away  from  the  first  pen. 
Figure  17.    Phoebe's  nest  with  young. 
I<^gure  18.    Nest  of  a  Meadowlark. 
Figure  19.    The  same  nest  with  the  grass  pushed  aside  so  as  to  expose 

the  eggs. 
Figure  20.    The  nest  of  a  Scarlet  Tanager.    It  was  on  a  horizontal  limb 

of  a  red  oak,  placed  about  six  feet  from  the  trunk  of  the  tree  and 

about  twelve  feet  from  the  ground. 
Figure  21.    The  nest  and  young  of  a  Summer  Warbler.    The  nest  was  in 

a  wild  rose  bush. 
Figure  22.    The  nest  and  three  eggs  of  a  Maryland  Yellow-throat  and.  one 

of  a  Cowbird. 
Figure  23.    One  young  Cowbird,  two  young  Maryland  Yellow-throats  and 

one  egg  of  the  Maryland  Yellow-throat 
Figure  24.    One  surviving  young  Maryland  Yellow-throat  and  the  young 

Cowbird.    Same  nest  as  in  Fig.  22. 
Figure  25.    The  young  Maryland  Yellow-throat  pushed  upon  the  edge  of 

the  nest  by  the  Cowbird,  while  the  Cowbird  comfortably  fills  the  nest. 

Same  nest  as  in  Figs.  22  and  24. 
Figure  2G.    The  nest  and  eggs  of  a  Yellow-breasted  Chat     The  nest  is 

situated  in  the  fork  of  a  bush  about  two  and  one-half  feet  from  the 

ground. 
Figure  27.    The  nest  and  eggs  of  a  Catbird.    The  nest  was  in  a  bush  at 

the  edge  of  a  swamp. 
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g.    A  List  op  the  Dragonflies  of  Winona  Lake. 
Clarence  Hamilton  Kennedy. 

The  drngonflios  In  the  list  below  were  collected  by  the  writer  during 
the  summer  of  1000  and  by  Mr.  E.  B.  Williamson  and  the  writer  during 
the  summer  of  1901.  The  writer  is  especially  indebted  to  Mr.  E.  B.  Wil- 
liamson for  assistance  and  encouragement  in  the  work. 

The  region  indicated  in  this  paper  by  the  term  "Winona  Lalce"  includes 
not  only  the  present  body  of  water  of  that  name  but  also  the  lowlands 
surrounding  It,  which,  together  with  the  present  lake-bed  once  formed 
the  bed  of  a  much  more  extensive  body  of  water.  Tliere  are  thus  included 
the  two  short  tributaries  of  the  present  lake,  Cherry  Creek  and  Clear 
C^reek,  and  also  about  a  quarter  of  a  mile  of  the  present  outlet  down  as 
far  as  the  old  glacial  dam.  This  gives  a  small,  well-defined  region  In 
which,  with  the  exception  of  the  surroundings  afforded  by  larger  streams, 
are  included  nearly  all  types  of  dragonfly  environment,  swamp,  meadow, 
woodland,  lake  and  stream. 

Consequently  the  number  of  species  found  is  relatively  large.  The 
list,  if  we  count  Sympetrum  asaimilatum  as  a  distinct  form,  now  numbers 
forty-five  species.  It  is  fairly  complete  for  the  smaller  kinds  but  will 
probably  have  several  additions  yet  from  among  the  larger,  swift-flying, 
rarer  species. 

The  outlet  as  far  as  the  old  glacial  dam  should  be  well  worked.  Here 
will  probably  be  found  several  stream  inhabiting  species  not  at  present 
included  in  the  list.  Thorough  collecting  during  May  and  June  might  add 
a  species  or  two  not  found  later  in  the  season.  Practically  no  collecting 
has  been  done  previous  to  June  25. 

1.  Calopteryx  marulata  (Beauvois). 

This  species  is  extremely  abundant  in  the  heavy  shade  along  the  banks 
of  Cherry  Creek  during  the  early  and  middle  summer,  tn  1900,  after  a 
few  heavy  rains  about  the  1st  of  August  their  numbers  were  greatly 
diminished. 

2.  Hetxrirui  americana  (Fabricius). 

Common  in  the  old  outlet  below  the  first  wagon  bridge.  A  male  was 
taken  at  the  mouth  of  Cherry  Creek  about  the  first  of  August,  1900. 
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3.  LexU'8  dixjuiirtus  Selys. 

A  male  and  female  taken  by  Mr.  E.  B.  Williamson  in  the  swamp  south 
of  the  lake  on  July  13,  1900.  One  female  taken  by  the  writer  south  of  the 
lake  July  23,  1900. 

4.  IjeMe^  rertangidarft*  Say. 

Four  males  taken  by  Mr.  E.  B.  Williamson  in  the  swamp  south  of  the 
lake,  July  13,  1900.     One  male  taken  by  the  writer  at  the  same  place. 
July  6,  1901. 
6.     IjeHt4'8  vi^ilax  Hagen. 

One  female  was  tiiken  August  ir>,  1900,  south  of  the  lake. 

6.  Levies  iru'qiutih    Walsh. 

One  female  was  taken  in  the  spatterdoek  beds  on  the  south  shore  of 
the  lake.  July  8.  liM)1. 

7.  Argia  putn'fla  (Hagen). 

Occasional  on  tlie  sand  bank  and  pier  at  tlie  mouth  of  Cherry  Creek. 

8.  Argid  n'olacea  (Hagen). 

Fairly  common  al>out  the  water.  This  species  is  especially  abundant 
along  the  banks  of  Cherry  Creek  during  August. 

9.  Argia  »('4if till  iH&gen), 

One  specimen,  a  male,  was  taken  July  8,  1901,  along  the  south  shore  of 
the  lake. 

10.  Argtn  Hhiaiia  (Ram bar). 

Three  males  of  this  species  were  taken  south  of  the  lake,  July  13, 1900. 
E.  B.  AVilliamson. 

11.  Argia  (ipicnJiM  (Say). 

Two  males  were  taken  by  Mr.  E.  B.  Williamson,  south  of  the  lake. 
July  13.  IIKX).  One  female  was  taken  by  the  writer  July  20,  1901,  in  the 
same  swamp. 

12.  Xrhthmriin  poHitn  (Hagen). 

Common  in  tlic  grass  aliout  the  laboratory. 

13.  Xfhafrntiia  irene  (Hagen). 

One  specimen,  a  male,  was  taken  l)y  Mr.  E.  B.  AVilliamson  near  the 
Biological  Station,  June  22.  1901. 

14.  Knalhtgma  hagen i  (Walsh). 

This  species  is  conmion  in  tlie  vegetation  along  the  shores  of  the  lake 
until  the  middle  of  July. 
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15.  Enaliaipna  carnnvalatum  Morse.  t 
•..Commpu  everywhere  about  the  lake.    Next  to  En.  signatum  this  Is  the 

most  c-oiiinion  species  of  Enallagma  almiit  the  hike. 

16.  Enallagma  anjtersum  (Haf^eu). 

.  "A  single  t'e.niale  was  taken  June  27,  1001.  In  the  woikIs  on  Chapman 
Hill,  near  Winona  Lake.  The  female  of  this  species  of  Enallagma  is  so 
distinctively  colored  that  I  do  not  hesitate  to  record  the  species  for  the 
State  on  such  scanty  material."* 

17.  Enallagma  traritUam  Selys. 

This  si)ecies  is  common  on  the  willows  and  in  the  sedges  about  Winona 
Lake  until  the  n^iddle  of  July. 

18.  Enallagma  geminatnm  Kellicott. 

Very  common  on  the  willows  near  the  laboratories  until  the  middle  of 
July.     They  have  generally  become  rare  l>y  August  1. 

19.  Enallagma  <'./v<///<nj.<<  (Hageu). 

This  si)eci(»s  occurs  with  En.  tranatnm.  En.  grminatum  and  En.  carun- 
vnlatum.     It  is  (common  until  August  1. 

20.  Enallagma  antmnatam  (Say). 

This  species  is  common  about  the  laboratories  during  June.  One  male 
was  taken.  July  <;,  ]JM)1,  along  the  south  shore  of  Winona  liake. 

21.  Enallagma  signatum  (Hagen). 

This  is  the  most  abundant  form  of  Enallagma.  It  is  especially  abun- 
daut  over  the  lily  beds  where  it  reaches  its  maximum  abundance  during 
the  latter  part  of  the  summer  after  most  other  Enallagmas  have  disap- 
peared. 

22.  Enallagma  poll  at  nm  (Hagen). 

This  species  is  common  on  the  lily  IkmIs  along  the  south  shore  of 
Winona  Lake  during  July  where  it  appears  only  at  dusk,  probably  re- 
maining secreted  in  the  dense  vegetation  of  the  adjoining  swamp  during 
the  daytime.  ()uv  specimen,  a  ninle.  was  taken  on  the  lily  beds  at  the  old 
outlet  August  17.  ItMin.  by  \h\  Howe. 
28.      Isi'linurn  nrh'rnh'.^  (Say). 

Tliis  is  common  a1)out  tlie  sedges  and  lily  beds.  The  females  are  ap- 
parently much  more  aiuuidnnt  tlian  the  males,  especially  is  this  so  among 
those  found  in  the  sedges  and  grasses. 

'•'  E.  B.  Williamson,  Proceodingrs  Indiana  Academy  of  Science,  1901,  p.  119. 
11— Academy  of  Science. 
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24.  Proifoniphtia  oftsmni;*  (Rambur). 

Tjikcii  alonjr  the  sIkhv  in  front  of  the  lalxirntories  dnriu^  tho  latter 
part  of  Juno.  ll»:n.     E.  H.  Williamson. 

25.  Dromo(f<nitphni<  njtinoxmt  Selys. 

Taken  during  .fnly  several  times  at  Winona  Lake.     E.  B.  Williamson.* 

26.  liiUffna  rinns((  (Say). 

Occasional  in  the  wooils  ahont  the  lake,  where  they  are  generally 
fonnd  flyin;;  slowly  in  and  ont  among  the  bushes  hunting  small  di]>tera. 

27.  Bii.<hu'nrUini  junnt'i  ( Say ) . 

One  specimen,  a  female,  was  taken  August  5.  IIMXJ.  in  the  bacteriolog- 
ical tent  by  Mr.  Showers.  The  specimeji  is  not  at  hand.  The  late  date 
makes  us  doubt  the  identihcation. 

28.  Annx  jim'm^  (Drury). 

Tliis  species  is  cnnnnon  <lm"ing  the  early  summer  about  the  sli(»res  and 
over  the  lily  liec]^.  .\  few  l»adly  frayed  individuals  remain  tlie  entire 
season. 

29.  Ejiirnrthfht  y;////<v'yw   (HagCU). 

<  ommon  during  tlie  entire  summer  along  the  shores  of  th(»  laki*.'  over 
till'  lily  beds,  and  i>ack  over  the  swamps  an<l  mea<l«»ws.  It  is  a  very  strong 
flier  Jind  is  on  tlie  wing  from  dawn  to  dark,  never  being  seen  to  alight, 
an<l   s.  Idom   seen   in  copulation. 

30.  Ti-'iuirn  birti'dtd  HagCU. 

Tliis  is  (ommon  about  the  sliorrs  and  over  the  lily  pads  the  entire 
sumnM»r.     It  is  a  liigli.  swift  tiier  and.  tliough  common,  is  seUhmi  taken. 

31.  l*riith'iiiis  ffnmitid  (Drury). 

Tills  little  dragonlly  is  common  ov(M'  tlie  lily  and  potamogeton  b-'ds.  Of 
tlie  two  s(»xes  the  males  are  much  tln»  more  abundant. 

32.  Cffrthrmix  t'pinnnn  (Drury). 

Very  comimm  over  the  lily  and  potamogeton  beds  during  the  middle 
and  latter  part  of  summer.     Constantly  imiring. 

33.  ( 't'hih  mli<  rlixn  ( Hagen ) . 

This  very  pretty  species  is  iiuKhM'ately  common  in  the  swamp  south 
of  Winona  Lake  r»uriiig  the  middle  and  late  summer. 

34.  Sffnipt'tnmi  rnhtminlnhnn  (Say). 

Tliis  spe<'ii  s  is  very  comm<»n  in  the  niea(h>ws  and  Helds  about  the  lake 
<lm-ing  the  lattir  rart  of  summer.     It  is  esi>ecially  common  south  of  the 


"  Procee  lings  Indiana  Academy  of  Science,  1901,  p.  121. 
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lake.    Thoutfli  a  nood  t\wv  it  spoiids  most  of  its  tinie-aliglitod  on  some  weed 
or  fenct'.     A  iiinlo  of  Var.  nsshnHatum  T'liler  was  talven  July  *^0.  1900,  by 
Mr.  Cyrus  Itutor. 
86.     Sy)nintrniii  ohfruaum  (Hageu). 

One  specimen,  a  female.  takcMi  July  V.\.  V.MH).  was  doubtfully  referred 
to  this  species  by  Mr.    K.   ii.  Williamson.     This  speeies  should  be  fairly 
eonnnon. 
86.      Si/mprtmm  rir'unnn  Hagen. 

Two  females  were  taken  dtu'lng  the  summer  of  IIMM),  one  by  Dr.  J.  R. 
Slonaker.  and  one  by  the  writer. 
37.     Sipnju'frnin  rnrrn/>tuni  (Hagen). 

"Near  Winona  Lake,  Aujrust  Ul  1JM)1.  one  male.    Mi.ss  \.  O.  Ilarrah."* 

88.      Mi'i^ntlu'iniH  siitijtlit'irnfh's  (Say). 

Common  durintr  the  entire  sumnun*  over  the  lily  beds,  along  the  sandy 
shores  and  over  the  sloujrhs  and  swamps. 

39.  Parhifdljttit.r  hiiKiiptunls  (Biinnelster) . 

<ienerally  associated  with  Mvsitthouis  siiniilicirifHis,  l)ut  very  much 
less  abundant. 

40.  IJInllnl<(  udsnlts  Say. 

This  is  tlie  most  conspicuous  species  of  dragontiy  about  the  lake,  and 
of  the  larger  forms  tlie  most  al)undant.  It  is  foimd  everywiiere  over  the 
meadows  and  swamps,  along  the  shores  and  ov(  r  the  lily  beds. 

41.  IJ/nllnlfi  iiinsfn  Hageu. 

Seldom.  One  male  was  taken  on  the  lily  lied  at  the  outlet,  July  28, 
19(10.  Anotlier  was  seen  earlier  in  the  season  flying  slowly  up  and  down 
Cherry  Crei'k. 

42.  J/tht'lhihi  rt/ant'u  Fabrlcius. 

Occasional.       Associated     with     McsnUirhiis    siiniflirimllis    and    Pachy- 
ililtUhi  lom/ijn miis  over  tlie  lily  iieds. 
48.      iJh,ll»h,  pnlrhrlh,  Drury. 

Next  In  f.ilnllnln  luisalis  tliis  is  the  most  abund.nit  of  tlie  larger  si>ecies. 
Common  in  nearly  all  situations. 
44.     I'/nt/n  nn's  h/'lin  (Dnirj^). 

Tills  species  is  c(»ninn)n  aliout  the  drain  ditchi  s  in  tlie  Helds  south  of 
th(»  lak«'.     An  occasional  specimen  is  seen  near  the  moutli  of  Cherry  Crei»k. 

A  TrtuHnf,  eltln'r  niroinni  iivonnstn.  was  si*en  in  1I>.»1  sevcM'al  times  al. out 
the  laboratories.     Also  in  the  field  just  back  of  Chapman  Hill  a   Vantula, 

'  Williamfon.^ProcfedingB  Indiana  Academy  of  Science  1901,  p.  120. 
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probably  huuirnani.  inwv  the  collectors  several  wild  chases.  Both  Cele- 
ihcmiH  fasriatd  and  LHhUhIo  snnifascititfi  are  almost  certaiu  to  be  takeu 
sooner  or  later. 

/i.    A  New  DiAiixosTic  Character  for  the  Species  of  the 

Genus  Arcjia. 

Clarence  Hamilton  Kennedy. 

The  following  paper  was  undertaken  at  the  sugjxestion  of  Mr.  E.  B. 
AVilllanison.  to  whom  the  writer  is  also  indebted  for  other  sujxjrestions 
ami  for  much  of  the  material  examined. 

The  paper  is  the  result  of  an  attempt  to  find  some  character,  if  possi- 
ble structural,  by  which  the  females  of  the  five  species  of  Arpia  found 
In  Indiana  could  be  separated. 

The  characters  jrenerally  used  in  the  classification  of  Odonata  are  the 
venation  of  the  wings,  the  shape  of  the  prothorax,  the  shape  of  the  ab- 
dominal appendages,  and  the  color  pattern.  A  distinction  upon  the  basis 
of  venation  has  not  been  attempted.  The  color  pattern  is  notoriously 
inadequate,  and  after  careful  comparison  1  find  that  the  structure  of  the 
prothorax  and  abdimiinal  appendages  is  equally  so. 

After  a  close  study  of  the  thorax  a  ^structure  was  discovered  rarely, 
If  ever,  used  in  classification,  which  in  the  case  of  the  five  ludiaua  species 
is  suflii'iently  different  txj  separate  the  females  readily.  This  Is  the  pecu- 
liar shield-shaped  structure  on  the  anterior  end  of  the  mesepisternum. 
I  can  fln<l  no  mention  of  this  very  peculiar  structure  except  in  Selys' 
**Synopsis  des  Agrionines."  Here,  just  as  I  was  finishing  this  paper,  I 
found  the  following,  in  which  Selys  recognizes  the  diagnostic  value  of 
this  character  in  the  case  of  the  females  of  the  genus  Argia:  "De  grandes 
dittic Miltes  se  pr^'sentent  pour  donner  les  diagnoses  des  quarante-six  esp^ces 
(Argia)  America ines,  dont  plusieurs  sont  tresvoisines  les  unes  des  autres. 
Les  appendicos  ana  Is  des  miiles  et  les  lames  (in  devunt  du  thorajc  des  fem- 
elh»s  fournisseut.  il  est  vrai,  pour  la  plupart.  des  caractt^res  positifs;  mais 
lis  eussent  rendu  les  diagnoses  tres-longues,  et  ces  organes  ne  pouvaiit 
etre  bien  vus  (in'  avec  un  certain  grossissement,  j'ai  cherch^'*  dans  les  dl- 
agnosc^s  de  ce  Synopsis,  a  me  i)asser  de  ces  caractOres.  qui  seront  rCservi^s 
pour  une  moiiograpliie  sp«'ciale.'** 


'^^  Dc  Selys-Longrciiainps,  Synopsis  des  AKrionines,  Bulletins  de  rAeaderaie  royale  de 
Belcrique,  2me  srric,  tome  XX,  No.  8,  p.  (9). 
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As  till'  as  I  know  tin'  "moHOi/roiJhir  .sitvviah''  was  lu'ver  published. 

Calvert,  tm).  in  a  paper  which  has  Just  appeared  on  the  jreuus  Aryia, 
ree<>^nizes  this  structure.* 

This  structure  occurs,  as  far  as  1  have  examined,  in  all  the  native 
genera  of  the  Z.vjr<>ptera,  luit  it  is  laclving  entirely  in  the  Auisoptera  or 
possibly  is  replaced  tliere  by  the  low  transvers^^  carina  across  the  extreme 
anterior  end  of  the  mesepisternuni.  It  is  found  on  the  same  general  plan 
in  the  different  genera,  consisting  of  a  heart-shapetl  enlargement  of  the 
mid-dorsal  carina,  on  either  side  of  which  is  a  triangular  wing  with  its 
apex  running  down  to  the  mesinfraepisternum. 


Anterior  border  cf    \  "  * 
mescpistfrnum.  \    J 

In  the  genus  Argia  a  more  or  less  oblong  depression  (cavity— see  figure 
al)o^e^  bounded  on  either  end  by  the  high  basal  carina  of  either  wing 
(see  figun*  above)  occurs  in  front  of  the  heart-shapc»d  end  of  the  mid- 
dorsal  carina.  The  basai  carina  of  each  wing  ends  in  front  in  a  horn, 
and  l)ehind.  in  the  case  of  the  females  of  four  of  the  five  speeit^s.  in  an 
ear-like  lobe  (the  ear— see  tigure  above).  In  the  male  no  elaborate  ex- 
pansion into  an  ear  occurs.  Tlu*  most  striking  dilTerem*e«  in  this  structure 
are  those  of  the  size  and  shape  of  the  ears.  As  these  ears  are  absent  In 
the  nniles.  for  them  the  structure  loses  most  of  its  diagnostic  value.  How- 
ever, for  interest  in  compariscm.  figures  of  tills  structure  as  it  occurs  in 
the  nniles  of  the  live  species  are  shown  in  the  plate  (see  Plate  II,  Figs. 
1,  .'J.  .">,  7  and  Jb.  liy  reference  to  them  it  will  be  seen  at  once  that,  in  the 
male,  this  structure  is  of  a  m(»re  generalized  type  than  in  the  female.  The 
structm-e  as  found  in  tlie  male  is  nearer  the  general  type  found  in  related 
genera. 

Tlie  above  would  seem  to  indicate  that  this  structure  is  a  sexual  organ 
functioning  in  tlie  female  and  nn»rely  imssively  present  in  the  male.  One 
w(mld  at  once  jump  at  tlie  c(»nclusion  that  it  is  the  organ  by  which  the 
nnil(»  holds  the  female  during  rhe  a<-t  of  copulation.     The  cavity  w(mld 

*  Calvert,  Bull.  Mus.  Com  p.  Zool  Xov.  1902. 


mevin  esijccially  fitted  for  vlie  insertion  of  tlie  aluloniinnl  appeiidajres  of 
tlie  male.  But  from  direct  observation  it  is  known  tliat  tlK»  male  liolds 
tlie  female  hy  the  prothorax,  probably  by  the  eneirelinji:  groove  at  its 
anterior  tMid.  Moreover,  because  this  structure  is  covered  by  the  posterior 
lobe  of  the  prothorax.  it  would  be  imiK)ssible  for  the  male  to  reach  it. 
See  IMate  II.  Vitx.  2. 

Xeverth(»less  tliis  structure  must  in  some  way  be  Involved  in  the  act 
of  copulati(»n.  It  is  interestins:  to  note  that  In  the  Ani.soi>tera  where  the 
male  holds  the  female  by  the  head  instead  of  by  the  thorax  this  ]u»culiar 
structure  is  not  developed  at  all. 

Hut  whatever  its  function,  or  whether  it  has  a  function  or  not.  its 
form  is  sufticicntly  different  in  the  females  of  the  different  sjiecies  of 
Arjria.  and  sutticiently  con.stant  among  those  of  any  given  species  to 
warrant  its  use  in  classitication.  How  far  this  structure  is  good  in  show- 
ing relationships,  it  is  dithcult  to  say.  According  to  it  putritfo  would  fall 
in  a  very  distinct  group  by  itself.  Aii>calift  would  fall  by  itself.  Violarea, 
srduUt,  and  tihitilix  would  fall  in  a  group  by  themselves,  in  which  riolacea 
and  scdiila  would  be  much  more  closely  related  than  either  to  tihialiH. 

A  key  to  females  may  be  constructed  as  follows: 

.1.    Tlie  ears  entirely  absent.     The  whole  structure  wide  laterally  and 

narrow  from  front  to  l>ack a/fiffilis. 

A  A.    The  postrrior  vtlffr  of  each  wing  produced  into  a  broad  rectangular 
lobe.     The   nunlian   longitudinal   fossa   of   the   ba.se   broad   and 

shallow ^ pntrula. 

AAA.    Tlie  pnHlviior  ttinjlv  of  each  wing  prcnlnced  into  an  ear.     The  nuMlian 
fossa  relatively  deep. 

/^    The    apex    of    each    ear    pointing    forwanls    and    upwards. 
Tlie  entire  siructure  relatively  deep  from  front  to  back. 

tibial  is. 
lUt.    Th"  apex  of  each  ear  pointing  upwards  and  backwards. 
(\    The  cavity  very  narn»w.     Thv  ears  broad  and  tiat. 

rifihtcra. 

('('.    Tiic   cavity   of   usual    widtli.      Tlie   posterior  edge   of 

each  ear  turned  up Kvtlula. 
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EXPLANATION  OF  THE  PLATES. 

Plate  I. 

The  drawings  were  made  with  a  camera  lucida,  using  a  Bausch  and  Lomb  %  objective 
with  the  lower  lens  removed  and  a  2-ineh  eyepiece. 

Fig.  1.  Argiii  afHnUis  (Say).  Bluflfton,  Ind.,  August  18, 1900,  E.  B.  Wil- 
liamson.    Dorsal  view  of  liead,  protliorax,  and  mesothorax  of  (^,  disjointed. 

.1 — Head,     r/s,  compound  eye. 

//—Protliorax.     /V>,  posterior  lobe.     .1 G,  anterior  groove. 

C — Mesothorax,  the  metathorax  sliowing  undemeatli.  .13/",  anterior 
end  of  mesepisternum.  }fJ)(\  middorsal  carina.  MES,  mesepisternum . 
3//,  mesinfraepisternum.     //If,  liindwing.     FW,  forewing. 

Fig.  2.  An/in  opicnliH  (Say).  Bluffton,  Ind.,  August  18,  1900,  E.  B.  Wil- 
liamson.    Lateral  view  of  protliorax,  and  mesothorax. 

AS — Articalating  surface  for  head.     Other  lettering  as  for  Fig.  1. 

Plate  II. 

The  drawings  were  made  with  a  camera  lucida,  using  a  BauFch  and  Lomb  %  objeotlTe 
aod  2- inch  eyepiece. 

1.  Ai'(jia  tibialis  (Rambur).  Bluflfton,  Ind.,  June  17,  1901,  E,  B.  Will- 
iamson.    Anterior  end  of  mesepisternum  of  (^. 

2.  Anjia  fihinlis  (Rambur).  Bluffton,  Ind.,  June  17,  1901,  E.  B.  Will- 
iamson.    Anterior  end  of  mesepisternum  of  ''^' . 

3.  Aiyio  xi'thiJit  (Hagen).  Fort  Wayne,  Ind.,  July  18, 1901,  E.  B.  Will- 
iamson.    Anterior  end  of  mesepisternum  of  c^. 

4.  Anjia  sniuld  (Hagen).  Fort  Wayne,  Ind.,  July  18, 1901,  E.  B.  Will- 
iamson.    Anterior  end  of  mesepisternum  of   f  • 

5.  Aiyia  rinhimi  (Hagcu).  Tippecanoe  River,  Ind.,  July  2,  1901,  E.  B. 
Williamson.     Anterior  end  of  mesepisternum  of  (^''. 

H.  .1/7//"  rii)1an'a  (Hagen).  Pittsburg,  Pa.,  June  15,  1899,  E.  B.  Will- 
iamson.    Anterior  end  of  mesei)isternum  of  y 

7.  Anjin  npirnlis  (Say).  Bluffton,  Ind.,  June  2,  1901,  E.  B.William- 
son.    Anterior  end  of  mesepisternum  of  r?. 

8.  Artjifi  (tpirah's  (Say).  Bluffton,  Ind.,  June  2,  1901,  E.  B.  William- 
son.    Anterior  end  of  mesepisternum  of  9  . 

9.  Anjitt  pntrida  (Hagen).  Bluffton,  Ind.,  June  17,  1901,  E.  B.  Will- 
iamson.    Anterior  end  of  mesepistenmm  of  (J . 

10.  Anjia  putrida  (Hagen).  Fort  Wayne,  Ind.,  July  18,  1901,  E.  B. 
Williamson.     Anterior  end  of  mesepisternum  of  ?  . 
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Investigation  of  Tiit:  Action  Hktween  Manganese  Dioxide  and 
Potassium  Chlorate  in  the  Production  of  Oxy<;kn. 

Edward  G.  Mahix. 

Tlu»  uifllKxl  for  1)1-01  >'*ninji:  oxygon  by  hoatinj;:  mixtures  of  i)otassium 
cliloratt*  and  maiipineso  dioxide  lias  Deeii  used  by  chciiiisls  for  some*  time. 
Siiiee.  however,  the  niaujraiiese  dioxi<le  comes  out  unehaiijred  at  the  end 
of  tlie  pnxess,  yet  eonsideralily  h)wers  tlie  teini>erature  necessary  for  de- 
composition of  poiassium  ehhirate.  its  exact  function  has  lieen  and  is  yet 
imperfectly  understood. 

There  is  not  (iily  a  practical,  but  also  a  very  iiitenstinjj:  theoretical 
question  involved  in  tin*  explanation  of  the  reaction  taking  place  in  this 
l)rocess.  and  it  was  the  desire  for  obtaining  further  lijjht  on  certain 
points  that  led  Professor  Kaiisoni  and  the  writer,  at  the  sujjjrestion 
of  the  former,  to  .;oiiitly  uiidertal<e  a  study  (»f  the  facts.  Some  questions, 
the  settlement  of  which  was  to  be  attenqjted.  were:  1.  Does  variation  iu 
proportion  of  potassium  chlorate  and  manganese  dioxide  affect  the  tt  m- 
iveratun'  at  which  (jxyKeii  is  evolved,  and,  if  so.  what  mixture  yields  it  at 
the  lowest  tiinperature?  2.  Is  the  action  continuous  wh!»n  the  mixture 
is  heated  for  a  long  period  at  or  just  al  ove  the  deconiiM)sitiou  tempera- 
ture, and  what  are  the  products?  :\.  Heating  for  a  i)eri(Xl  just  below  this 
temperature,  are  any  intermediate  products  formed  and  what  are  they? 
4.  To  notice  any  new  facts  brought  out  by  the  experimental  work. 

Search  of  the  literature  shows  that  the  men  who  have  performed  the 
most  important  work  ui)on  this  particular  jdiase  of  the  subject  are  Mc- 
l.cod.  Hruiick  and  Sodeau.  McLeod  had  noticed  the  Avell-known  fact  that 
a  gas  resembling  chlorine  was  evolved  with  oxygen,  and  in  1880.  pub- 
lished a  statement  of  exi)eriniental  work,  deducing  thi»  following  reactions: 

2  Mil  O2  4-  2  K  CI  Os  :=  K2  Mn2  Om  -f-  CI2  -|  O2. 
K2  Mu2  C)s  =  K2  Mn  O4  -i  Mn  O2  +  O2. 
K2  Mu  O4  r  Cl2  =  2  KCl  4  Mn  O2  f  O2. 

rpon  this  basis  lie  explained  the  supposed  fact  that  free  chlorine  is 
evolved  only  at  the  beginning  of  the  process,  since  chlorine  is  liberated  by 
Hie  tirst  reaction  and  at  the  lowest  temperature,  and  that  corresponding  to 
this  free  chlorine,  there  was  a  certain  amount  of  undecomposed  potassium 
manganate  at  the  end.     In  lSli:{  Brunck  argued  that   if  these  reactionf? 
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took  place,  the  residue  should  either  be  alkaline  or  contain  potas- 
sium nianpmate.  or  peruianganate,  and  that  he  could  obtain  no  evidence 
that  either  was  the  case.  11^  hrouj^ht  forward  experimental  evidence  to 
prove  that  the  evolved  f^ases  did  not  contain  more  than  a  mere  trace  of 
chh)rine  and  atilrmcd  his  belief  that  the  odor  and  the  property'  of  bluing 
starch  and  potassium  iodide  paper  was  due  to  ozone.  In  1804  McLeod 
stated  that  when  the  jrases  were  led  throu^li  alkaline  silver  niti'ate  solu- 
tion, and  this  later  acidified,  a  precipitate  was  ol)tained  which  corresponded 
in  (juantity  with  the  alkalinity  of  the  residue  in  the  jjenerator.  He  could 
obtain  no  evidence  of  ozone.  Some  further  work  was  done  by  these  men 
but  they  did  not  apinirently  succeed  in  settliuj;  the  i>oint  at  issue. 

Sodeau,  in  llKil.  proved  that  the  action  of  manpuiese  dioxide,  barium 
sulphate,  sand,  and  other  supi)osedly  inert  l)odies  increaseil  the  evolution 
of  oxygen  not  mechanically,  but  chemically. 

EXrKKIMKNTAL. 

The  apparatus  used  in  the  experimental  part  of  the  present  investiga- 
tion was  very  simple.  Hard  p:Iass  test-tu])es  tive  inches  in  length,  with 
side  necks,  were  used  for  heating  the  mixtures,  these  being  placed  in  a 
bath  of  Wood's  fusible  uietal.  heated  in  a  thick  cast-iron  cup  large  enough 
to  accommcMlate  five*  tubes.  A  thermometer  Avas  also  placed  in  the  metal. 
Short  delivery  tul>es.  witli  ends  drawn  to  a  nan*ow  aperture,  led  to  a  ves- 
sel for  collecting  the  evolved  gases  in  test-tubes  over  water. 

The  manganese  dioxide  used  was  Merck's  "Artificial  Pure,"  and  pre- 
vious to  using  was  heated  for  several  hours  in  an  open  dish  over  a  free 
flame,  in  order  to  remove  moisture;  it  was  then  placed  in  a  glass  stoppered 
bottle,  for  keeping.  Elmer  and  A  mend's  i>otassium  chlorate  was  dried 
for  six  hours  at  1(X)°-110°  for  this  pun)ose.  It  was  not  labeled  "C.  P." 
but  tested  free  from  chlorides  both  l)efore  and  after  drying. 

The  first  mixtures  were  made  in  the  following  molecular  ratios  of 
manganese  dioxide  to  potassium  chlorate:  10:1,  2:1,  1:1,  1:2,  1:10.  These 
were  ground  together,  placed  in  the  tubes,  and  slowly  heated.  At  150®- 
165°  a  gas  was  evolved  from  all,  showing  the  presence  of  oxygen  by  tneans 
of  a  glowing  spark,  and  giving  a  strong  odor  of  chlorine  or  chlorine  oxide. 
This  odor  is  certainly  not  that  of  ozone  and  may  be  either  chlorine  or 
chlorine  oxide,  or  both.  In  this  paper  it  will  be  provisionally  called 
chlorine.     It  was  noticed  that  considerable  moisture  collected  upon  the 


upper  parts  of  the  generator  tubes,  indicating  that  at  least  one  of  the 
substances  still  contained  moisture. 

Other  portions  of  the  same  mixtures  as  alfcve  were  dried  in  their  tubes 
for  several  hours  at  100°-105°.  Chlorine  was  evolved  ui>on  Iieating  to 
122**  but  no  oxygen  was  evidenced  l>y  a  spariv.  At  135°  the  rate  of  evolu- 
tion of  oxygen  was  approximately  in  direct  proportion  to  the  amount  of 
manganese  dioxide  used,  this  Ijcing  the  reverse  of  the  case  when  the  ma- 
terials were  not  dricnl.     This,  however,  is  not  stated  as  a  definite  law. 

Four  other  mixtures  were  more  carefully  dried,  then  heated  in  the 
bath.    Chlorine  was  evolved  at  140°,  oxygen  at  1^)8°. 

It  was  early  s^hmi  that  no  reliable  results  could  be  ol>tained  so  long  as 
the  manganese  dioxide  held  moisture.  To  determine  whether  this  sub- 
stance was  hygros<*opic.  and  if  so,  roughly  the  amount  of  water  taken  up. 
some  freshly  dried  material  was  weighed  in  a  close<l  bottle,  then  allowed 
to  stand  open  for  definite  periods,  weigliing  after  each  period.  In  twenty 
minutes  its  weight  increased  approximately  1  per  cent.;  after  one  and  a 
half  hours,  'A  per  cent.:  after  forty-tive  hours,  (i  per  cent. 

To  determine  tlie  differem-e  in  liehavior  due  to  this  moistui-e,  two  mix- 
tures were  prepared:  In  (X)  the  manganese  dioxide  was  drie<l  over  a 
free  tiame,  weighed  in  a  glass-stoppered  bdttle  and  tlie  weighed  potas- 
sium chlorate  added.  The  other  mixture  (Y)  was  of  pota.ssium  clilorate 
and  ordinaiy  undried  mangam»se  dioxide:  l»oth  were  molecular  mixtures. 
In  this  and  future  experiments  cldoriue  was  tested  for  by  starcli  and 
potassium  iodide  paper.  At  125°  (X)  gave  no  chlorine  or  oxygen,  {Y\  gave 
large  quantities  of  chlorine  but  no  oxygen.  Much  moisture  collected  in 
(Y).  At  148°  a  steady  stream  of  oxygen  came  from  (Y),  continuing  as  long 
as  heated.    No  trace  of  chlorine  or  oxygen  came  from  (X). 

More  manganese  dioxide  was  purified  by  digesting  in  cold  distilled 
water,  then  washing  imtil  free  from  chlorides.  The  wash  water  contnincHl 
small  amounts  of  manganese  and  calcium.  The  washed  mass  was  dried 
for  two  antl  a  half  hours  at  2(M>°-21U°. 

Four  tul)es  were  noAV  filled  with  mixtures  in  molecular  proportions, 
transferring  the  manganese  dloxidi*  <iuicl\iy  at  2<ltt°  to  the  hot  weighing 
bottle,  cooling,  weigliing.  adding  the  ground  and  weightMl  potassium 
clilorate.  and  iiiixinfr.  Tlie  mixtures  were  quickly  transferred  to  the  tubes, 
the  delivery  tubes  of  which  were  in  this  case  guarded  with  granidar 
calcium  chloride.  A  tube  of  dry  potassium  chlorate  was  heated  with  the 
others,    in    order    to   jiuluc    tlie    amount    of   expanding   air    force<l    over. 
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The  tuhes  wore  kept  at  VA7}°-^4{)°  for  four  and  a  half  hours:  no  gas  was 
over  beyoiul  that  due  to  siinph*  expansion,  and  not  the  slightest  trace  of 
either  chlorine  or  ozone  Avas  found  in  any  generator  tuhe.  No  oxygen 
could  he  discovered.  The  mixtures  upon  testing  were  found  to  contain  a 
considerable  amount  of  chlorides.  The  temperature  was  raised  to  and 
kept  at  \T}{\°  for  three  hours  and  no  chlorine  or  oxygen  was  pro<luced. 
The  (plant ity  of  chlorides  seemed  to  be  increased.  At  \7l\°  all  of  the  tubes 
began  to  evolve  oxygen  and  so  long  as  this  temperature  was  maintained 
a  steady  but  slow  stream  of  oxygen  was  produced.  No  trace  of  chlorine, 
chlorine  oxide  or  ozone  was  produced  as  high  as  184)°. 

At  this  point  the  work  was  stopped  for  lack  of  time.  Thus  far  a  few 
conclusions  nuiy  l)e  provisionally  advanced: 

The  conditions  un<ler  which  oxygen  is  ordinarily  i)roduced  are  not 
ideal,  and  the  moisture  always  present  materially  intluences  the  reactions. 
This  moisture  makes  possible  the  production  (►f  oxygen  at  a  lower  tempera- 
ture than  in  the  case  of  dry  materials,  also  the  formation  of  chlorine  or 
chlorine  oxide,  or  both,  as  low  as  12ri''  and  ln'fore  oxygen  is  evolved.  This 
may  be  due  to  hydrolysis  of  the  potassium  chlorate  or  chloride,  thus  allow- 
ing oxidation  by  the  manganese  dioxide.  It  is  ijossible  and  even  probable 
that  no  chlorine  would  l)e  evolved  at  any  temijcrature  within  the  ordinary- 
range  of  heating,  if  the  materials  were  entirely  free  from  moisture.  In 
such  a  case.  McLeod's  exidanation  must  fail,  since  if  it  be  true,  the  forma- 
tion of  free  chlorine  is  a  necessary  step  in  the  evolution  of  oxygen. 

This  point,  with  others  mentioned,  will  lie  more  fully  investigated  by 
future  work,  and  it  is  lioped  that  some  facts  of  interest  may  be  brought 
out  during  the  investigation. 


Action  ok  Heat  on   Mixtires   of    Manijankse    IWo.kidk  With 
PoTASsir.M   Nitkatk  and   With   Potassum   HiniROMATE. 

J.    H.    R.VNSOM. 

The  fact  that  different  metallic  oxides  mixed  with  potassium  chlorate 
cause  the  latter  to  evolve  oxygi^n  at  considerably  lower  temperatures  than 
when  heatcMl  alone  has  long  been  known,  though  the  nature  of  the  chemi- 
cal action  involved  is  not  with  certainty  established.  No  work  has  been 
done,  so  far  as  I  am  awar«\  to  see  what  the  effect  of  these  oxides  might 
be  on  otiier  sulistances  decomposable  by  heat. 
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It  seemed,  therefore,  of  interest  to  investigate  the  suljjeet,  and  espe- 
cially the  action  of  manganese  dioxide  on  various  substances,  as  the  re- 
sults miglit  throw  some  light  on  the  action  between  it  and  tlie  chlorate. 

The  substances  chosen  for  the  i)reliniinary  worlv  were  iwtassiuiu  ni- 
trate and  ijotassiuni  bichromate.  Wlien  potassium  nitrate  is  heatt»d  to 
a  high  temi)erature  it  loses  one-tliird  its  oxygen  and  forms  the  nitrite. 
If  mol(H*ular  proportions  of  the  nitrate  and  manganese  dioxide  are  mixed 
and  heated  in  a  metal  bath,  little  it  any  evolution  of  oxygen  occurs  l)elow 
285°  C.  Between  iliat  temperature  and  :^5(>°  C.  there  is  a  constant,  thougli 
not  rapid,  evolution  nt  a  gas  whicli  gives  the  usual  test  for  oxygen.  The 
aniount.  however,  is  not  large,  and  during  the  heating  there  are  formed 
brown  oxides  of  nitrogen.  In  the  same  l)ath  was  a  tul)e  containing  tlie 
jsame  weight  of  pure  diied  potassium  nitrate  l)Ut  th€»re  was  no  evidence  of 
any  decomposition.  During  the  heating  some  moisture  collected  in  the 
colder  part  of  the  tu'oe,  but  whether  this  had  any  effect  in  causing  the 
decomposition  of  tlie  mixture,  as  is  found  in  the  case  of  the  chlorate, 
has  not  yet  been  deterndned. 

When  potassium  bichromate  is  heated  alone  in  a  free  bunsen  flame 
little  or  no  oxygen  is  evohed  even  at  the  highest  temperature  obtainable. 
When  mixed  with  manganese  dioxide,  however,  a  steady  stream  of  gas 
is  evolvefl  at  a  comi)aratively  low  temperature.  The  decomposition  begins 
at  285°  but  does  not  increase  greatly  in  rapidity  up  to  ,*{5l)°.  Tlie  tempera- 
tures at  which  the  nitrate  and  the  l)ichromate  decomi>ose  are  so  nearly 
the  same  that  a  similarity  of  action  is  suggested.  Whether  the  oxygen 
comes  from  the  oxide,  the  other  substance  or  from  i)oth  has  not  yet  l>een 
determined.  That  the  oxide  lias  some  effect  in  producing  the  evolution 
of  oxygen  is  certain.  The  investigation  will  be  continued  along  this  and 
related  lines  and  the  nature  of  the  actions  will  be  thoroughly  studied  as 
soon  as  time  p^'iiiits.  It  will  also  be  of  interest  to  know'  whether  such 
oxides  as  the  one  used  will  lower  the  temperature  at  which  substances 
ordinarily  decompose,  but  without  the  evolution  of  oxygen.  Such  a  sub- 
stance would  be  ammonium  nitrate.  This  subject  will  also  l)e  inquired 
into.    In  the  meantime  I  wish  to  reserve  this  field  of  investigation. 


175 


Criticism  of   an    Experiment    Used   to   Determine   the   Com- 
lUNiNc.  Ratio  of  Ma(jnesiim  axi>  Oxycjen. 

Jamks  H.  Ransom. 

Ill  sniiu'  ii\'  the  nunlerii  laboratory  manuals  for  use  in  ^roncral  oli(*m- 
istry  work  an  i\\pt*riinent  is  dcscrilxMl  wli(»r<'l»y  a  wcij^luMl  amount  of 
mafjfnt^sium  ijowdor  is  oxidized  in  a  covered  cruciiilo  until  a  constant 
wei;^lit  is  ohtaint'd.  The  increase  in  wtM;;ht  has  Iiecn  assumed  to  be  due 
t<)  oxyjren.  and  thus  the  ratio  of  tlu'  two  elements  in  tlie  (jxide  easily 
calculated. 

My  students  have  performed  this  experiment  duriuir  the  last  two  years 
but  have  n«)t  been  aiile  t(»  secure  sutticiently  concordant  r»'sults  to  make 
it  appear  to  them  as  illustratinj;  the  law  of  constant  composition. 

Some  observations  are  leadily  made  in  i)erformin;r  the  experiment. 
The  product,  except  perhaps  at  the  surface,  is  not  white,  as  is  magne- 
sium oxide,  but  of  a  uray  color,  due  evidently  to  a  mixture  of  substances 
of  tliffereht  coh)rs.  Also  the  crucibles  at  the  end  of  tlu'  exi)eriinent  are 
coated  within  with  a  black  substance  which  can  not  be  rem;>vcd  even  ou 
scouring  with  sand:  and  tlie  crucibles  lose  in  weight. 

Examination  of  the  iJnnluct  of  burning  shows  that  on  treatment  with 
small  amounts  t»f  water  amuKJuia  is  evolved,  thus  indicating  that  nuig- 
nesium  nitride  is  one  of  the  substances  present.  As  in  this  comi>oiiuil 
the  ratio  of  the  elements  is  \::\SS  while  in  the  oxide  it  is  1  :iW;7  it  follow^s 
that  from  this  standpoint  the  increase  in  weight  must  be  less  than  the 
theory.  Again,  on  treating  the  product  with  fairly  concentrated  hydro- 
chloric acid  a  disagiecably  odorous  gas  is  evolved  which  at  times  is  spon- 
taneously combustible.  It  is,  without  doubt,  hydrogen  silicide  from  mag- 
nesium silicide  formed  by  the  action  of  magnesium  on  the  crucible  ma- 
terial. On  treating  with  acid  as  above  described  there  always  remains 
a  black  insoluble  amorphous  residue  mixed  with  white  particles  which 
under  a  hand-lens  look  like  silica.  The  black  mass  when  heated  ou 
platinum  foil  changes  to  a  white  powder  which  resend)les  silica.  Appar- 
ently the  black  portion  is  silicon.  It  is  conceivable  tliat  a  part  of  the 
silicon  after  being  formed,  and  during  the  heating,  is  oxidized  by  the  air; 
and  as  it  unites  with  nearly  twice  as  much  oxygen  as  does  the  same 
weight  of  magnesium,  it  might  eciualize  the  loss  of  the  oxygen  content 
due  to  the  causes  already  indirated.  Thus  can  be  explained  the  nearly 
theoretical  results  so  often  obtained.     But  at  best  these  results  must  re- 
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main  a  matter  of  chance  and  the  experiment,  seemingly  so  simple,  but 
in  reality  so  complicated,  can  not  well  be  put  into  the  hands  of  students 
doing  their  first  worls  in  cliemistry. 

Modifications  of  the  experiment  which  will  avoid  these  sources  of 
error  are  in  tlie  mind  of  the  writer,  but  have  not  been  sul^jected  to  test 
for  lack  of  time.  Should  they  prove  successful  I  shall  be  pleased  at  some 
future  time  to  conmiunicate  them  to  the  Academy. 


An  Apparatus  for  Illustrating  Charles's  and 
Boyle's  Laws. 

James  H.  Ransom. 

Some  diflacuity  having  been  experienced  in  maliing  clear  to  students 
the  changes  in  the  volumes  of  gases  due  to  the  simultaneous  changes  in 


temperature  and  pressure,  it  seemed  tliat  a  clearer  notion  could  be  given 
by  having  a  single  piece  of  apparatus  to  illustrate  their  laws.     Such  an 
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apparatiijs.  n  cut  of  whioli  is  proseiitiHl,  was  devised  to  overcome  the  diffi- 
culty. It  consists  of  an  ordinary  ;;radnated  ^as  burette  connected  with  n 
reservoir  for  mercury  and  surrounded  by  a  water  jaclvct  which  in  turn 
is  connected  witli  a  tlaslv  containinj;  water.  Tiie  tiask  and  jacket  are  so 
arranjred  tliat  water  of  any  desired  temperature  can  he  siplioned  from 
the  former  tln-oujrli  tlie  latter,  tlius  lieatin^  the  ^as  in  tlie  liurette  to  any 
temperature  lietween  (i°  and  ItMJ'*  ('.  A  tlurmometer  inserted  in  the  jacket 
indicates  tlie  temperature  of  the  water.  At  the  begimiin^  of  the  experi- 
ment the  water  in  the  jacket  shoidd  be  at  the  room  temi>erature,  and 
the  flask  should  hold  several  times  the  volume  of  the  jacket.  By  the 
method  of  siphoning;  the  ehanjre  in  temi»eature  is  so  gradual  that  tlie 
gas  is  heated  to  the  water  temperature  almost  as  rapidly  as  the  latter 
pass(%'^  through,  and  tluM-e  is  no  danger  of  breaking  the  burette.  With  the 
apparatus  each  law  may  be  deduced  separately  with  a  fair  degree  of 
accm*acy.  Then  the  two  laws  united  and  the  results  compared  witli  those 
found  mathematically  from  a  combination  of  the  two.  The  idea  of  ab- 
solute zero  is  illustrated  in  a  very  clwir  and  convincing  way.  If  desirable 
the  burette  may  l»e  tilled  with  different  gases,  and  thus  it  may  be  shown 
that  all  obey  (practically)  the  same  laws. 


So.MK    ^2-Keto-K-1Ikxenk   Derivatives. 

James  B.  Garner. 

A  study  of  tlie  reactions  which  might  be  brought  about  between  ben- 
zoin and  unsaturated  aldehydes,  ketones,  and  esters  through  the  agency  of 
cold  (15^  C.)  alcoholic  sodium  ethylate,  was  begun  several  years  ago^  At 
that  time  it  was  found  that  benzoin  is  added  to  benzalacetone  giving  rise 
to  a  l.Ti  diketone  whicli  by  loss  of  water  and  ring  formation,  is  converted 
into  8-4-r>-trii)benyl-4-oxy-  2-ketr>-R-bexene.  This  .substance  had  previ- 
ously been  prepared  by  Professor  Alexander  Smitb^,  using  potassium  cyan- 
ide as  condensing  agent '.  Wlien  sodium  ethylate  is  u.sed  as  condensing 
agent,  the  yield  is  much  greater,  the  reaction  takes  pla^e  more  smoothly 
and  the  product  formi^d  is  purer  than  when  i)otassium  cyanide  is  used. 
Knoeveuagel  has  made  an  exhaustive  study  of  the     ^2-keto-R-bexene  de- 

*  Dissertation.  Chicago,  1897,  p.  17. 

»  Bcri elite,  rtf.  65. 

=*  Amer.  Chem.  Jour.  XXII,  260. 
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rivativcK.  He  lias  found,  (1)  that  substances  of  the  type  of  acetoacetici^ther 
aud  alipliatie  aldeliydes',  and  aromatic  aldeliydes^,  condense  in  tin*  pres- 
ence of  diethylaraine  or  piperidine  to  form  1.5  diketones,  and  that  these 
diketones,  with  loss  of  water  and  ring  formation,  are  converted  into 
/  2-keto-R-hexen(»  derivatives;  (2)  that  desoxybenw'iin  adds  itself  to  sub- 
stances of  the  typt^  benzalacetylacetone  forming  1.5  diketones,  which,  by 
loss  of  water  and  ring  formation,  yield      a-keto-R-hexene  derivatives. 

Recently  the  study  has  been  extended  to  include  the  reactions  which 
might  take  place  between  the  ketols — benzoin,  cuminoin,  furoin,  anisoin 
and  piperonoin — and  the  unsaturated  ketones- benzalac^tone,  cuminalacet- 
one,  p-methoxy-benzalacetone,  and  piperonyleuacetone.  In  all  the  re- 
actions, A  2-keto-R-hexene  derivatives  are  formed,  except  in  those  in  which 
furoin  is  used.  Under  no  conditions  has  it  been  possible  to  bring  al)Out 
any  int(?raction  in  any  of  the  experim(^nts  in  which  furoin  is  used.  All  of 
the  other  reactions  progress  smoothly  and  excellent  yields  are  obtained  in 
each  case.  It  has  been  ascertained  also,  that  in  place  of  the  unsarured 
ketone,  a  mixture  of  the  corresponding  aldehyde  and  acetone  may  be  used 
and  the  course  of  the  reaction  is  in  no  way  changed,  but  the  yield  is  ma- 
terially increased.  To  insure  the  completion  of  the  reactions,  however,  it 
is  necessary  to  boil  the  mixtures  for  fifteen  minutes  on  the  water-bath. 
E(iual  volumes  of  a  ten  per  cent,  solution  of  sodium  hydroxide  may  be 
u.sed  instead  of  the  alcoholic  sodium  ethylate  and  the  same  rea^'tions  will 
take  place  but  the  yields  are  very  much  poorer. 

In  the  present  pai)er  the  study  is  limited  to  the  consideration  of  only 
those  cases,  which  will  in  a  general  way,  indicate,  ( 1 )  the  nature  of  the 
products  formed  and,  (2)  the  extent  to  which  the  reiiction  is  applicable. 

I.      AUDITION    OF  BENZOIN   TO  C'U>nNALACETONE. 
CU.CoH,  .('II  .(Clla^a 


r«ii5.  c.(oH). 


roH..('. 


cii. 


C(.) 


CIl 


>  Ann.  :si,  25.    Ann.  J.\<^,  321. 
'  Ann..3m\  223. 
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For  the  preparation  of  tliis  \2-keto-R-l1exoue  di»rivative,  one  mole- 
cule (6  gr. )  of  benzoin  is  dissolved  in  boiling  absolute  ethyl  alcoliol 
(lOOcc. )»  ttiid  to  this  solution  is  added  one  molecule  (5.82  gr. )  of  cuminal- 
acetone.  This  mixture  is  treated  with  an  alcoholic  solution  (4cc. )  of 
sodium-ethylate  (.'>  gr.  sodium  in  3()cc.  absolute^  ethyl  alcoliol).  The  mix- 
ture becomes  deep  red  in  color  and  upon  standing  in  a  cool  place  for  two 
hours  deposits  clusters  of  needle-like  crystals.  The  crystalline  mass  is 
filtered  off  and  after  washing  with  absolute  ethyl  alcoliol  is  recrystallized 
twicL^  from  glacial  acetic  acid.  Clusters  of  long,  fine,  white  needles  result 
which  melt  at  28P.  It  is  insoluble  in  ligroin  (-k)-6()),  ether,  and  cold  alco- 
hol, but  dissolves  readily  in  hot  benzene,  glacial  acetic  acid  and  chloro- 
form. 


Calculated  as  C27H2fi02. 

Found 

C  84.80 

84.67 

H    (5.81 

6.92 

If  a  mixture  of  one  molecule  eiwh  of  cuminol  (4.2  gr.)  and  pure  acet- 
one (1.7  gr. )  is  used  instead  of  the  cum inalace tone,  it  has  been  established 
by  several  comparable  experiments  that  it  is  necessary  that  tlie  reaction 
shall  be  carried  on  at  tlie  temperature  of  the  water  bath  for  fifteen  min- 
utes. Upon  tlie  cooling  of  the  mixture,  the  ^2-keto-R-hexene  derivative 
separates  in  a  relatively  pure  condition.  By  repeated  additions  of  4cc.  of 
sodium  ethylate  at  a  time,  additional  quantities  of  the  substance  are  ob- 
tained which  make  the  yield  almost  quantitative.  Experiments  were 
made  using  the  total  quantity  of  sodium  ethylate  solution  (12cc.)  required 
for  the  quantitative  completion  of  the  reaction,  and  it  was  found  that  the 
reaction  took  an  entirely  different  course,  resulting  in  the  formation  of 
the  sodium  ethylate  addition  product  of  benzftin^. 

The  condensation  takes  place  readily  when  15  grs.  of  a  10%  solution  of 
sodium  hydroxide  are  used  in  plac^  of  the  4cc.  of  sodium  etliylate  solut  ion. 

O.riifi  of  :i^4-di phenyl -')-CHmijl-4-o.nt-\ ^^eto-R-liexene. 


C,H,.    C.(Oli). 


C.H..    C 


CH.C.H«.CH.(CH,), 


CH, 


C  =  NOH 


CH 


*  DUsertation,  Chicaffo,  1897,  p.  4. 


180 


This  oxim  is  obt»iined  by  boiling  i\  mixture  of  ouo  molecule  (1  gr. )  of 
the  2 -Leto-R-hexeno  derivative  wit li  tliroo  molecules  (.nfigr. )  of  hydroxyl- 
amliie  livdrcchloride  and  one  and  one-lnlf  molecules  (.r>6  gr. )  of  Hodiam 
carbonate  dissolved  in  etliyl  alcohol  (I4(lcc. )  for  forty-five  minutes,  using 
a  return  condenser.  One-half  of  the  alcohol  is  distilled  off  and  the  residue 
on  cooling  di']iosits  white  crj'stals,  which,  when  they  have  been  recrystjil- 
lized  from  a  mixture  of  benzene  and  ligroin,  melt  at  221-3^.  The  sub- 
stance? is  easily  soluble  in  hot  alcohol,  cold  ether,  acetic  acid,  and  hot  beii 
zene,  br.t  very  sparingly  soluble  in  hot  ligroin  (40-60^). 

Calculated  as  CirHsrOsN.  Found. 

N.  8.r.:j  3.72 

c.  CJI4.  ciii('n,>. 


Coll..  .c 


C«H  . .  c ' 


iCJl 


CO.  CO  en. 


(  H 

This  l)ody  is  prepared  by  boiling  th?  _2-keto-R-hexene  derivat ive  with 
excess  of  either  acetic  anhydride  or  acetyl  chloride  for  thirty  minctcs.  The 
mixture  assumes  a  yellowish-red  tint,  and  yields  a  solid  substance  only 
when  it  is  poured  into  a  large  excess  of  water.  The  white  amorphous  mass 
recrystallizes  from  hot  ligroin  (40-60^)  in  bunches  of  long  needles,  melting 
at  i)S^.  It  is  soluble  in  cold  glacial  ac?ticacid,  benzene,  ether  and  alcohol, 
but  is  sparingly  soluble  in  ligroin. 

(Calculated  as  CL'yHM02.  Found. 

C  85.72  80.  oO 

II    C^AO  6. 02 

C.C«H,  .ClI  (CHa^a 


('..Hs.C 


CII 


(•  II  .  .  c 


C.OH 


CII 
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The  acetate  is  boiled  upon  a  water-batli  with  alcoholic  potassium  hy- 
droxide for  fifteen  minutes.  The  mixture  resulting  is  poured  into  excess  of 
dilute  hydrochloric  acid,  and  a  white  mass  is  obtained.  The  amorphous 
phenol  is  recrystallized  from  hot  alcohol.  It  forms  white  needles,  which 
melt  at  155°.  It  is  readily  soluble  in  cold  chloroform,  benzene  and  ether, 
but  sparingly  soluble  in  hot  ligroin  (40-60''). 
Calculated  as  CorHi^O.  Found. 

C  89.  (K)  88.% 

H    (i.r>()  6.87 

II.       ADDITION   OF  BENZOIN   TO    ANISYLIDEN    AC^ETONE. 

.i-}-4lf/t/i('i(l/l-.'}-(Utisf/l-4-<u if-/\o  l','to-ll-hi'Xt  nt . 

V\\  .('JI.(OCHn) 


(\,H..C.  (OH) 


.CH. 


c.,n.  .c  / .  CO 

/ 

.('H 

The  3-4-diphenyl-5-anisyl-4-ox3'-/v  2-keto-R-hexene  is  prepared  by 
the  condensation  of  one  inolecule  (6  gr.)  of  benzoin,  either  with  one  mole- 
cule (5  gr. )  anisylidenacetone,  or  with  one  molecule  each  of  anisaldehyde 
(3.9  gr.)  and  of  pure  acetone  (1.7  gr. )  under  exactly  the  same  conditions 
which  were  used  in  the  preparation  of  3-4-diplienyl-5-cumyl-4-oxy- a  j- 
keto-R-hexene.  The  substance  crystallizes  in  bunches  of  needles,  either 
from  hot  glacial  acetic  acid,  or  absolute  alcohol,  and  melts  at  233.5°. 
However  the  amount  of  alcohol  required  is  large — for  each  gram,  70cc.  of 
hot  absolute  alcoliol  are  reciuired.  It  is  solul)le  in  hot  benzene  and  chloro- 
form, but  insoluble  in  ether  and  ligroin  (40-60^).  With  cold  concentrated 
sulphuric  acid,  a  deep  red  coloration  is  produced. 

Calculated  as  C.^H.^Oj.  Found. 

C    81.08  80.91 

H     5.95  6.03 

Oxiin  of  thr  J-/f-<h'iihnit/l-.'>-;(nt!i!f!-4-ori/-      ^-krfn-Ii-ht.n'm'. 
For  the  preparation  of  the  oxim,  a  method,  analogous  to  that  described 
in  the  preparation  of   the   oxim  of  3-4-diphenyl-5-cumyl-4-oxy-A  j-kt^to- 
R-hexene,  is  used.     After  recrystallization  from  hot  alcohol,  it  melts  at  196°. 
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It  is  soluble  in  hot  glacial  acetic  acid,  chloroform,  and  benzene,  but  in- 
solnble  in  ether  and  ligroin  (40-60°). 

Calculated  as  CijHaaOjN.  Found. 

N.  3.63  3.86 

An' fate  of  S-4^JipfienyI-6-^umyl-pheiwL 

Tliis  product  is  obtained  by  boiling  the  Aa-keto-R-liexene  derivative 
with  acetyl  cliloride  on  the  water-bath  for  ten  minutes.  Tlie  mixture  as- 
sumes a  deep  red  coloration.  Nothing  separatees  on  cooling.  When  excess 
of  water  is  added,  however,  an  amorphous  mass  separates  which,  upon 
crystallization  from  hot  ligroin  (40-60°)  or  from  aqueous  alcohol,  melts  at 
141*-2°.  It  is  soluble  readily  in  cold  benzene,  ether,  glacial  acetic  acid 
And  cliloroform;  sparingly  soluble  in  hot  benzene  and  aqueous  alcohol. 
Calculated  as  C^yHaaOg.  Found. 

O   82.22  82.10 

H     6.69  6.84 

The  acetate  upon  saponification  with  alcoholic  potassium  hydroxide 
yields  the  plienol.  Tlie  reaction  requires  only  fifteen  minute«  heating 
upon  the  water- bath  to  complete  it.  The  product,  which  is  obtained  when 
the  resulting  solution  is  poured  into  dilute  hydrochloric  acid,  is  recrystal- 
lized  from  a  mixture  of  alcohol  and  ligroin  (40-60°)  and  melts  at  169-60*=*. 
It  is  readily  soluble  in  cold  ether,  benzene,  chloroform  and  acetic  acid, 
and  almost  insoluble  in  hot  ligroin. 

Calculated  as  C^sHjoOg.  Found. 

C   86.24  86.17 

H     6.68  6.93 

This  phenol  reacts  vigorously  at  the  ordinary  temperature  with  cold 
concentrated  nitric  acid  and  yields  nitro  derivatives.  These  nitro  bodiet 
will  be  investigated  later. 


isa 


III.       ADDITION  OF  BEN/OIN  TO  PIPERON YLENACETONE. 

,>-^f-fh'pln'tufl-.')-jjif;frij/-4-iu  I/-  \  .-Li'fo-Ii-lii.i4iir. 

('II .  c,  1I3 .  (('n,<»,) 
('.  u, .  c  .  (oin  I  rii, 

!         I 

('..  IK  .  C  .  CO 

('II 

OiU' mol(  cule  ((>  pr.)  of  benzoin  and  c^ne  moUrule  (5. J)  p^r. )  of  pijRT- 
ouylenaoctonc  iivo  dissolved  in  liot  absolute  etbyl  alcoliol  (HX)c*c. )  and  a 
solution  (4cc)  of  sodium  otiiylatr  (..')  gr.  sodium  in  3()cc'.  absolute  alcoliol) 
is  added.  As  in  all  tliese  condensation  reactions  witli  sodium  etbylate, 
this  mixtun*  assumes  a  deep  red  coloration.  Upon  standing  for  two  hours 
rosettes  of  yellow  ni'cdlc-like  crystals  separate.  These  crystals,  upon  re- 
crystallization  from  glacial  acetic  acid,  are  obtained  in  fine  white  glitter- 
ing needles,  melting  at  240\  The  substance  is  soluble  in  hot  chloroform; 
sparingly  soluble  in  hot  benzene  and  alcohol:  and  insoluble  in  ether  and 
ligroiu  (40-6()^). 

Calculated  as  ('2^  H,„  O,.         Found. 
C    78.12  78.  (H) 

H     r>.21  5.38 

The  method  above  described  for  the  preparation  of  3-4-<lipheuyl-5- 
pip<»ryl-4-oxy-  2-^^^*^^-R-l^t'x**"^  <^o**8  "<^t  ])rogress  as  smoothly  and  as 
completely  as  when  one  molecule  each  of  ])iperonal  (4.25  gr. )  and  of  pure 
acetone  (1.7  gr.)  is  used  in  place  of  the  pipcronylenacetone,  and  the  reac- 
tion is  carried  out  at  the  temperature  of  the  wat€*r-bath.  The  crystals 
obtained  by  this  method  are  very  pure  and  clean,  and  the  yield  is  almost 
quantitative,  especially  if  tlu^  mother  liquor  is  treated  again  with  more 
sodium  etbylate  and  the  mixture  again  boiled. 

Ten  per  cent,  sodium  hydroxide  solution  aho  efft  cts  the  condensation. 
However  the  yield  is  poor. 
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O.rhn  of  S-4-diphewjl-.5''jd}yenfI — 4  oxy-'{\^'-\ieto-R'-iie.ri'ne. 


This  oxim  is  prepared  in  an  analogous  method  to  that  described  pre- 
viously for  the  preparation  of  oxims.  When  recrystallized  from  a  mixture 
of  alcohol  and  ligroin,  crystals  are  formed  melting  at  190-1°.  It  is  soluble 
in  liot  alcohol,  cold  ether,  chloroform,  and  liot  benzene,  and  is  insoluble  in 
ligroin  (40-60°. ) 

Calculated  as  C^jH^ ^O ,N.  Found. 

N  3.61  3.78 


IV.      ADDITION   OF  CUMINOIN  TO  BENZALACETOXE'. 


CH.C.H, 
(CH3),CII  .  CeH*  .  C  .  (OH)  "  '  CH, 


(CU.)t.CH.Cen4  .c 


CO 


\\ 


CH 


Guminoin,  in  general,  reacts  less  rapidly  than  benzoin  and  the  yields 
of  i>,^-koto-R-liexene  derivatives  are  poorer. 

One  molecule  (6  gr. )  of  pure  cuminoin**  and  one  molecule  (3  gr.)  of  pure 
benzalacetone  dissolved  in  hot  absolute  ethyl  alcohol  (60cc. )  are  treated 
with  a  solution  (fk;c.)  of  sodium  ethylate  (.6  gr.  sodium  in  30cc.  absolute 
alcohol).  Upon  the  addition  of  the  sodium  ethylate,  the  mixture  turns 
deep  red,  and  after  standing  for  six  hours  clusters  of  needles  separate.  By 
recrj'stallizing  twice  from  glacial  acetic  acid,  pure  3-4-dicumyl-5-phenyl- 
4-oxy- :i2-^^^o-R-liexene  is  obtained.  It  melts  at  214°.  It  is  soluble  in 
cold  acetic  ether,  chloroform,  hot  benzene  and  ligroin  (110-120°);  insoluble 
in  cold  alcohol,  ligroin  (40-60°),  and  ether.  The  yield  is  about  27%  of  the 
theoretical. 

Calculated  as  CaoHj-^O.  Found. 

C  84.90  84.77 

H   7.54  7.83 

'  Dissertation,  Chicajro,  1897,  p.  19. 
"  Berichtf,  XXVI,64. 
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O.n'm  of  ttw  .i-j^-di('ttmyl-o-phfwjl-4-<inj-/\^--keto-R-hexene. 

A  molecule  of  the  substance  dissolved  in  alcohol  was  boiled  with  three 
molecules  of  liydroxylamine  liydrocliloride  for  an  liour.  On  cooling,  nothing 
appeared,  but  after  the  larger  portion  of  the  alcoliol  had  been  distilled  off 
in  the  water- bath  a  solid  separated,  which  on  being  well  washed  with  water 
and  recrystallized  from  a  mixture  of  benzene  and  ligroiu  (40-60°)  gave 
fine  wliite  needles  melting  at  208^.  It  may  be  recrystallized  also  from 
aqueous  alcohol.     Tlie  analysis  sliows  it  to  be  the  monoxim. 

Calculated  as  Q.^.n^^O^^.  Found. 

3. 1 1  N  3.30 

The  substance  is  easily  soluble  in  cold  acetic  acid,  benzene,  and  acetic 
ether;  insoluble  in  ligroin  (40-60^). 

.l-.}-<Iictiiniff-'t-ffhntiff-phniftl  wrtatr. 

This  body  can  easily  be  prepared  by  boiling  the  /xj-keto-R-hexene 
derivative  with  a  mixture  of  acetic  anliydride  and  anhydrous  sodium  acetate 
for  forty-five  minutes,  or  until  the  mixture  becomes  decidedly  pink  in  color. 
Tlie  solution  is  then  poured  into  a  large  amount  of  cold  i^ter  and  allowed 
to  settle.  After  recrystallization  from  glacial  acetic  acid,  it  is  obtained  in 
large  bunches  of  long  radiating  fibers,  and  melts,  when  pure,  at  122^.  It 
is  soluble  in  cold  benzene,  chloroform,  ether,  and  ligroin  (40-60°),  in  hot 
alcohol  and  acetic  acid. 

Calculated  for  C32H33O2.  Found. 

85.71  C  a-)  60 

7.14  H    7.r>5 

Tlie  acetyl  derivative,  when  hydrolyzed  by  means  of  alcoholic  potash 
yields  3-4-dicumyl-o-phenylphenol. 

By  warming  the  acetate  in  a  water-bath  for  ten  minutes  with  four 
molecules  of  alcoholic  potash  and  pouring  into  dilute  hydrochloric  acid,  an 
amorphous  mass  is  obtained  which  crystallizes  from  warm  alcohol  in  large 
thin  plates,  melting  at  137°.  This  substance  is  soluble  in  cold  acetic  ether, 
benzene,  chloroform,  ether  and  hot  ligroin  (4()-B0^);  insoluble  in  caustic 
soda. 

Calculated  as  C^„H3„0.  Found. 

C  H^.m  Ks.2(i 

H    7.3i)  i.m 
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The  addition  reactious  of  cumiiioin  with  cuminalacetoue,  pijjeronylen- 
acetone  and  anisylidenacetoue  are  beiuf^  stadied  at  present,  and  I  hop<'  to 
be  able  soon  to  publisli  the  results  obtained. 

V.       ADDITION   OF   AXISOIX   TO   BEXZALACETOXE. 

CII .  C..II . 
CHaO.C.IU.C.  (OH)  !  CH, 


('H3O.  r.iH,  .('  CO 

CII 

Anisoin  adds  itself  to  tlie  ctlivlene  grouping  mueli  more  readily  than 
either  cuminoin  or  benzoin  to  yield  the  expected  1.5  diketone,  but  the 
readiness  with  which  this  1.5  diketone  loses  water  to  form  the  correspond- 
ing .;-keto-R-hexen»'  derivative  is  markedly  less.  In  fact  the  1.5  dike- 
tone  constitutes  the  major  i)ortion  of  the  reaction  product.  Attempts  to 
prepare  the  1.5  diketone  jnire,  /.  «.,  free  from  the  ,^.-keto-R-hexene  de- 
rivatives, have  failed  partially.  However,  its  approximate  melting  i>oint 
has  ho<Mi  obtained,  namely,  lOS-174^.  When  boiled  with  the  ordinary  sol- 
vents in  whicli  it  is  soluble,  the  1.5  diketone  loses  water  and  forms  the 
;    .,-keto-R-hexene  derivative,  which  melts  at  207°. 

The  mixture  of  the  1.5  diketone  and  the  ^-keto-R-hexene  derivative 
is  prepared  as  follows: 

One  molecule  (4.4  gr. )  of  ani.soin  and  one  molecule  (2  38  gr. )  of  ben- 
zalacetone  are  dissolved  in  absolute*  ethyl  alcohol  (62cc. )  and  to  the  mix- 
ture sodium  ethylate  solution  (4cc. )  is  added.  The  solution  becomes  deep 
red  and  upon  standing  for  two  hours  deposits  a  large  mivss  of  crystals 
(2.4  gr. ).  The  solid  is  filtered  off  and  washed  well  with  absolute  alcohol. 
A  trial  determination  of  the  melting  point  shows  that  the  product  is  a 
mixture.  It  melts  at  108-74°  and  204^.  The  mother  liquor  from  the  crys- 
tals upon  treatment  with  more  sodium  ethylate  solution  yields  more  of  thd 
same  ])roducts  (.4  gr  )  Upon  n'crystallization  from  either  of  three  sol- 
vents—benzene, alcohol  or  acetic  acid — fine  white  needle-like  crystals  arn 
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obtained,  liaviuf?  a  constant  melting  point  of  2()7°.     It  is  soluble  iu  chloro- 
form, slightly  soluble  in  ligroin,  and  insoluble  in  ether. 
Calculated  as  C,,H,,()^.  Found. 

C  78.(X)  77.62 

H   O.OO  6.13 

The  acetate  and  oxim  have  ]>een  ])repared,  but  as  yet  no  analyses  have 
been  made,  but  the  jiliysical  properties  dek'rmined  eorresi)ond  very  closely 
with  those  of  the  other  ^^-keto-R-liexene  derivatives  which  I  have  pre- 
pared. 

An  investigation  of  tlie  reaction  of  anisoin  with  cuminalacetone,  ])iper- 
onylenacetone  and  anisylidenacetone  is  being  carried  on. 


(ttkolcxjv  of  the  Jkmez-Aliu'qikrqi'k  RE(JI0N,  N.   M. 
Albert  B.  RExVc.an. 

(Abstract.) 

(Original  published  by  ilic  American  (ieoloKist.     Illustrations  u?fd  by  permii^sion  of  that 

Publifhinjc  Company.^ 

(;i:.\KHAL   DKSCKIPTION. 

The  Jemez-Allmciueiqiie  Ke^non  deserihe<l  in  this  paper,  is  in  north- 
western New  Mexico  between  longitude  1(M».°  LMJ'  and  107"  W.  and  latitude 
:{5°  and  :\r,  N.  Konirlily  s]ie.iking.  it  is  n  trijin^de  with  its  apex  toward 
the  south,  it  is  bounded  on  the  southenst  by  the  San  Oia  Mountains,  on 
the  southwj'st  by  the  U\n  IMierco.  and  on  the  north  by  the  uppiT  plateau 
of  the  .leniez  Mountains,  Its  princiial  river  is  th«»  Ulo  (;ran<le,  ami  its 
<-oniniereial  center  is  .VllMKiiicrqne.  The  Santa  Ke  Kailro.-id  entirs  the 
region  at  tlie  northeast,  near  Tliornton.  and  ijasses  through  it.  Just  to  the 
east  of  tlie  itio  (irande  to  .\llin(iuer«iue.  .\t  this  jjoint  the  road  branches, 
one  branch  of  tlu-  sysicuf  Loing  to  Kl  Taso.  Ti'xas.  the  other,  the  Atlantic 
and  Tacitic.  to  Calilornia  and  the  Pacjtic  (M»ast. 

<;i:.\Ki{AL  srKVKY. 

This  section,  as  a  whole,  is  one  \ast  <lcscit  area,  spars(»ly  covereil  with 
grass,  pinonts.  red  ccd.-ir.  sa.^e  brush  and  cactus,  cxcejjt  in  the  valleys 
where  there  is  suth<-irnt  water  for  iri'igation.  In  these  valleys  corn,  wheat, 
fruit  and  beans  ar«»  rais(Ml  by  the  natives  and  Mexicans.     To  consider  the 
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£?iitiro  areji  again,  it  i>n»soiitJs  two  Ijasin-sliaped  districts,  the  Kio  Puerco 
and  tlic  Rio  (irando.  witli  tlie  strata  in  each  respective  basin  dipping  in 
general  toward  its  center.  Tlie  separating  line  at  the  north  l>etweeii 
tliese  l)asins  is  tlie  Xaciniiento  Monntains.  the  west  wing  of  the  Jemez 
ni)lift.  It  is  continned  at  the  sonth  in  a  line  of  hills  which  decrease  in 
idtitnde  as  they  recede  from  the  main  range.  The  two  basins  merge 
into  one  below  Albnquenine.  Xhe  whole  area  is  faulted  and  much  broken 
and  high  escarpm(»nts  often  still  mark  the  fault  lines.  Examples  of  sucli 
escarpments  are  tlic  San  Dia  Mountains.  Mesa  Blanco,  and  one  on  each 
side  of  the  Ued  Heds  just  south  of  the  Jemez  range.  There  is  also  evi- 
dence that  the  Xaciniiento  Mountains  were,  originally,  the  result  of  a  drop 
on  tlKMr  western  side.  The  resulting  escarpment  has  been  Avorn  dow^n  and 
subsequently  covered  in  part  b.\  sedimentations  that  it  is  not  so  strong 
in  relief  as  the  San  Dia  escarpment;  the  Carlxjniferoua  strata  which  tLank 
this  range  on  the  east  are  entirely  wanting  to  the  west  of  these  moun- 
tains. Mesa  Blanco  was  left  an  es<-arpment  by  a  drop  on  its  northern 
side  of  more  than  1,(MK>  feet.  l.tMK)  foet  of  which  still  remain.  The  escarp- 
ment to  the  east  of  the  Ued  Bed  mesa  is  now  1)00  feet  in  height  and  the 
escarpment  to  the  west  of  the  same  mesa  is  1.24M)  feet.  On  its  western 
margin  the  strata  of  this  mesa  dip  toward  the  east  at  a  great  angle,  and 
at  a  greater  angle  toward  the  west  on  its  eastern  side.  The  whole  coun- 
try, as  is  indicated  al)ove.  is  extremely  broken  up:  the  rivers  in  their 
process  of  base-leveling  have  chiseled  their  channels  deei)  into  the  roclt. 
Great  dikes  and  numerous  volcanoes  puncture  the  strata;  and  lava-flows 
cover  hundreds  of  s(|uare  miles  of  its  surface.  The  dip  of  the  whole  re- 
gion, when  a  dip  is  noticeable,  is  usually  away  from  the  mountains  at  an 
angle  ranging  from  1.'°  to  tM).°  In  many  places  the  region  is  a  bad  land 
•country.  Where  the  lava  is  superimposed  on  it,  it  is  of  the  **nnil  pais'* 
type;  and  where  the  lava  is  wanting,  especially  along  the  break-lines, 
**niauvaises  terres."  The  culnnnating  imints  of  the  area  under  considera- 
tion are,  the  crest  of  th"  San  Dia  Mountains,  the  monolith  Mt.  Cabizon  on 
the  Kio  rucrco  and  Mt.  IVlado,  the  culminating  point  of  the  Jemez  Moun- 
tains. 

NATrUK  OF   KOCKS. 

Tlie  rocks  of  this  region  are  intrusive,  eruptive  and  setlimentary. 

Tlie  intrusive  n»cks  are  the  cores  of  the  respective  mountain  districts 
of  Jemez  and  San  Dia.  and  the  dikes  throughout  the  entire  area.  They 
are  granites,   porphyries,   gneisses,   etc.     The  eruptive  rocks  are  volcanic 
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plu^s.  lavns  niul  tuIVs.  T\w  lavas  arc  hasalt,  trachyte  and  rliyolitf.  Obsi- 
dian alsd  (HM-nrs  in  laru'c  «iuantitit's  <»n  llir  Jcincz  IMalcan.  Tin*  sedimen- 
tary deposits  are  llu'  country  rcM  ks  of  nearly  llie  entire  retrion  wliert*  not 
ooviTeil  witli  lava.  They  wvw  laid  down  in  the  seas  and  lakes  that  sur- 
rounded the  islands  which  now  form  th«'  liiuh  mountains  of  San  Dia  and 
Jeme/.  These  dejiosits  date  I)ack  well  int<>  the  Carboniferous,  and  con- 
tinue almost  without   break  to  the  recent  times. 


Kl\  KKS. 

The  rivers  of  the  rcudon  are  tlie  Kio  Tuer* o.  the  Jemt  /  and  tho  Uio 
IJrande.  The  Uio  I»uerco.  as  we  have  seen,  closes  in  on  the  we.st  the 
region  diseuss(»d  in  this  paper:  the  .femez  Kiv«'r  and  its  tributaries  drain 
tho  south  and  also  the  southwest  slopes  of  the  Jenu"/  Mountains;  and  the 
Uio  (Jran(h»  passes  south  throuirh  the  section  east  of  the  Jemez  Mouiitaius. 
and  west  of  the  San  hias.  Tlie  Uio  Tuerco  ami  the  Jenu"/  rivers  are 
tril)Utaries  of  the  Uio  (Jrande. 

MOrNTAIXS. 

The  numntains.  as  has  been  stated,  are  the  San  Dia  and  Jemez.  The 
former  was  caused  by  a  faidt  of  ll.fHK)  feet  alonj;  their  western  side,  7.<XX> 
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feet  of  which  still  remain,  as  an  escarpment.  Their  core  is  jrranite,  their 
<*ap  Carboniferous.  Thi'  latter  (tin'  .lemi  z  Mountainsi  have  a  core  (»f  reil 
granite,  overlaid  in  mcjst  cast's,  with  hniKbetls  of  feet  of  voh-aiih*  debris, 
excet)t  along  the  west  win;^  ol  tlu'  group  where  the  cn»st  is  granite. 
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STUATIGUArHY. 


At  tln»  vh)sv  i)f  (';irl)<)nifen)ns  tiiuos  (jr  cjirlhT.  Xhv  .leiii»»z  Mountains 
wiiH'  npIilU'd,  jiinl  assDciattMl  with  their  d(»v*'h>iniu'iit  nrv  to  he  found  hirj^e 
intnisi(uis  of  ^trnnitt's  juul  i)ori)h.vrios  occupyin^r  an  axial  position.  During 
thi*  period  of  mountain  hnlhliuji;  tiic  western  tiank  of  the  Jemez  was 
faulted  nf\'.  Th' se  mountains  were  sunse(iuently  surrounded  hy  a  shallow 
Jurassic  sea.  in  which  were  <h»i>osit(Hi  re<l  sandstones  and  shales  to  a 
thiclxuess  of  2.«H!u  feet.  Tlien  cann*  the  Jurassic  revolution.  The  moun- 
tains w<  re  r« -elevated  and  the  Jurassic  strata  to  the  west  of  the  moun- 
tains were  faulted  and  tilttMl  to  a  nearly  vertical  i>ositlou.  At  this  time 
the  \olcanoes  near  IVhido  became  active,  and  poured  out  th(»  j^reat  rhy- 
olitic  shiM-t  which  noAV  on  the  plateau  covers  the  jrranito  porphyritic  core 
of  the  Jemez  ran^e.  over  whi<'h  these  same  volcanoes,  at  a   later  time. 
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hurled  (»nt  V2ii  fvvi  of  piiniirrons  tuff.  Tlu'si*  inonnljiins  wcm-c  still  islniids 
in  <'n*t;i<<'oiis  tinn's.  I»i?i  tln'ir  .mitm  IIhmi  was  imich  ;;n»jitrr  ilinii  f;>rnu'rl.v. 
Ill  tliis  piritKl  tlif  iinnintnins  s«  ««ih  to  Imvt'  hfcn  .irrjuliinlly  lisin;:  until  in 
the  Knrt  Tnitui  f|  oili  .i:r»»;it  swniups  covrrrM  tlu'  entire  (Mnnitry.  tin*  sea 
lieinj;  tiMilcinti';!  dn-  n  tinn*.  In  IIm'so  swanips  vj'jirtation  was  luxni'iant. 
ninl  III'  M'v«tal»ir  inaltrr  laid  down  in  tlirin  forms  today  tlie  <M)aI  li'lds 
of  norllnv«'.si»  III  Nrw  Mcxiro.  At  tlu'  close  of  tlie  Fort  Tninii  cporh.  llnTe 
was  a  slow  subsliltiicr.  'i'lir  rui'i'tn  was  dt'p<:sit»'<l  on  tin'  Fort  I'liion. 
and  tlu'ii  the  Kncrnr  on  lini.  :li'.'  whole  series  heinu  einiroi-nialile.     Tlien 
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there  eaine  a  violent  eliany:e.  The  whole  cmintry  was  elevated  aijove  the 
sea.  iniieh  faulted  and  hroken  up.  an.d  hlocUed  liasins  on  a  ^rand  S(*ali' 
resulted.  Tin-s*'  depressituis  were  the  hikes  ef  Plioeene  times.  OiU'  larire 
lake  exist(>d  in  the  vicinity  of  .h  mez.  and  aiiiMlier  in  the  Kio  (irand  Valley. 
The  hike  at  .lemez  wa^  tilled  u]>  witli  tin*  .leiii  v.  marls  l>y  the  trihutaries 
of  the  .lemez  Kiver;  and  the  Uin  ^Jrande  Lak(»  was  siltiil  up  with  the 
Albuiiuerque  marls.  pn»l»al»ly  l»y  the  tributaries  of  the  river  which  at 
present  oe<-upies  rhal  valley.  When  these  lakes  were  almost  tilled,  thwe 
was  a  further  re-elevalion  of  ijie  country,  aisd  the  rivers  at  o:ice  eoni- 
nieiu'cd  to  tut  <lown  their  respretive  <-haniie!s:  hut  this  tleepeninj;  of  their 
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channels  was  suddenly  arrested  by  the  seismic  disturbances  and  the  lava 
flows  of  Post-Tertiary  times.  The  fcn'iuer  clianged  the  incline  of  the  river 
channels,  and  tlie  latter  dammed  up  the  rivers,  thus  forming  lakes.  In 
these  lakes  were  deposited  the  IMeistocene  marls  of  the  river  valleys.  At 
the  close  of  tlie  rieistoeene,  these  lakes  in  turn  were  olditerated  and  the 
country  took  on  tlie  jjem^ral  appearance  tliat  it  lias  today. 


ECOXOMK'S. 

CLIMATE. 

The  altitude  of  this  region.  5,(XH)  to  O.OiX)  feet  above  the  sea.  and 
the  latitude  thirty-five  to  thirty-six  degrees  north,  combine  to  give  it 
a  climate  which  for  mildness  and  e(iuality  has  no  superior  in  the  world. 
Its  location,  near  the  center  of  the  vast  raiidess  region  of  the  West,  and 
Its  remoteness  from  any  large  body  of  water,  give  it  an  atmosphere  al- 
most totally  devoid  of  moisture.  At  the  same  time,  by  reason  of  the 
latitude  and  altitude,  tlie  air  is  both  warm  and  light,  thus  furnishing,  in 
unlimited  ciuantities.  nature's  sovereign  reme<ly  for  all  diseases  of  the 
lungs. 

Soil.— The  soil  on  the  table  lands.  esi)ecially  <m  the  Tertiary  formations, 
is  poor.  There  is  too  much  alkali.  But  if  the  water  for  irrigating  pur- 
poses could  be  1i;m1.  even  the  soil  of  tliese  mesas,  in  a  few  years,  could  be 
made  prcduclive.  It  would  require  considerable  labor  and  the  use  of 
fertilizers  such  as  gypsum,  burned  lime.  etc..  but  in  the  end  it  would  pay. 

On  the  mountain  plateaus  the  Si)il  is  g(M)d,  especially  in  th(»  .lemez 
Mountains  in  tlie  Valle  (irjinde  ccmntry.  Tliis  great  valley,  to  interpret 
the  Mexican,  (x'cupies  a  liigli  altitude,  averaging  0.(^<!O  feet.  "It  embraces 
100,000  acres,  and  forms  tnie  i)rairies  wllli  abnmbiiit  grasses.  On  it  also 
the  flr  and  pine  are  most  magnilicenlly  develope<l." 

In  the  valleys  tlu»  >o\\  is.  wirliout  exicptlon.  tlie  best  in  the  world.  It 
surpasses  evfn  tlu?  soil  of  the  Nile  Valley.  In  speaUing  of  the  Uio  Grande 
mud.  Dr.  Loew.  in  the  V.  S.  Ccolojric.Ml  Surveys  of  the  T<Tritories  west  of 
the  lOOth  meridian  (Vol.  III.,  p.  .".TS-.'S^)  snys: 

'irrigation  with  these  nmd-cjnrying  waliTs  furnislu's  the  lands  with 
a  layer  of  the  best  virgin  soil  in  a  Iin"ly  pulvi'rized  condition,  and  the 
belief  of  the  farmer  that  the  Uio  (irande  water  is  mm  elhcacious  fertilizing 
agent  is  fully  warranted  by  the  fa«-ts  re\<-abMl  by  tla»  chemical  analysis. 

13— Acadeniy  of  Scienco. 
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Indeed  the  l^ihabitnuts  of  the  Rio  Grande  will  never  require  any  other 
fertilizer  tliau  the  waters. of  the  Rio  Grande  Del  Norte." 

MINKRAL  RESOURCES. 

Coal.— Th^  Fort  Union  coal  formation  underlies  most  all  the  lands  in 
this  region,  except  the  mountain  districts.  Its  coal  outcrops  are  quite  a 
distance  from  tlie  railroad  and  until  Just  recently  only  Mexicans  and  In- 
dians Ivuew  of  its  occurrence.  The  coal  is  a  good  quality  and  the  seams 
are  tliiclv.  It  is  reasonable  to  believe  that  the  time  is  not  far  distant  when 
coal  will  be  mined  there  on  a  large  scale. 

f;///>.v //;;/.— The  Jurassic  roclis.  wherever  found,  are  capped  with  gypsum 
frcmi  ten  to  forty  feet  in  thicivuess.    Owing  to  its  thickness  and  its  lack  of 
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cover,  it  can  In*  worked  to  ii  great  advantage.  With  railroad  facilities  a 
great  industry  will  ])e  developfKl.  for  the  raw  material  is  of  good  quality. 

(JoUl,  Silnr  ami  f 'o/>/>rr.— The  mountains  are  crossed  in  all  directions 
by  mineral  ix'aring  veins:  hut  to  date  the  ores  found  are  too  low  in  grade 
to  ship,  tlu»  railroad  being  too  far  away,  and  they  are  not  enough  in  quan- 
tity to  pay  to  ]Mit  a  smeller  on  tlie  ground  to  smelt  them.  Should  a  rail- 
i6ad  he  put  up  .h'Uiez  Valley,  mining  would  at  once  Ijccome  a  paying 
business.  Besides  tlie  ^re  in  veins.  i)lacer  gold  is  found  in  the  Pleisto- 
cene deiM)sits.  hut  water  for  hydraulic?  mining  is  wanting.  Could  the 
necessary  watir  hv  oI»tnine<l,  this  region  would  without  d<uii)t  berome  one 
of  the  leading  placer  mining  districts  of  tlu'  west. 

Maiirhml  N//;/////.v,— Tlie  springs  of  the  region  are  numerous,  most  all 
arc  hot,  and  all  possess  medicinal  properties.  Among  them  are  the  famous 
Jemez  Hot  S])rings.  and  tiie  Sulphurs.  These  springs  surpass  those  of 
Minnesota  and  Cnlifoniia.  Tliey  are  visited  l»y  people  from  every  part  of 
the  United  States,  and  foreigners  not  infre<iuently  visit  tliem. 

This  region,  with  its  huilding  stone,  with  its  gypsum,  with  its  forests. 
with  its  medicinal  springs,  with  its  gold  and  silver  veins  and  coal  tields, 
and  with  its  fertile  soil  and  une<iualed  climate,  is  one  of  the  best  regions 
in  New  Mexico:  and  under  proper  liandling.  will  become  (»ne  of  the  wealth- 
producing  regions  of  the  country. 


Tjie  Jemez  Coal  Field.^. 
Albert  B.  Reac^an. 

The  Jemez  coal  fields  are  situated  about  twenty-live  miles  west  of 
Bernalillo,  thirty  miles  a  little  to  the  west  of  north  of  Albuquerque,  and 
six  miles  south  of  the  Jemez  River  at  San  Isidro  in  longitude  1(X)°  50' 
west,  and  in  latitude  '.\7*°  'MV  north.  They  cover  an  area  of  about  twenty 
square  miles. 

The  strata  of  this  held  show  a  predominance  of  soft  yeUow  sandstones 
interbedded  with  clays  and  sandy  shales.  Interbeddi'd  with  these  are 
strata  of  brown  coal  whicli  are  freely  eximsed  in  tht»  perpendicular  walls 
of  the  mesas.  These  coal  st-ams  vary  from  two  to  twelve  feet  in  thick- 
ness; and.  along  one  fault  in  tliis  respective  coal  area,  seventy  fe(*t  of  coal 
are  exposed  at  one  view.     In  examining  the.se  coal  lields.  it  was  observed 
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that  ill  many  iiiHtanci^s  tlie  strata  had  heoii  destroyed  by  fire;  and  the 
coal  Iwing  buriUHl  out,  the*  rcofs  had  cavod  in  by  a  succession  of  faulting, 
or  had  coUapscnl  under  tlio  pressure.  That  the  destroyiujo:  ajjrent  was  fire 
is  attested  not  oidy  by  the  clay  accompanying:  the  seams  tieing  turned  to 
brick,  but  also  by  heaps  of  slajr  composed  of  silicates  of  iron  and  alumi- 
num. This  coal  is  l)itunienous  and  Fort  Union,  or  Laramie.  It  Is  very 
brittle,  somcAvhat  laminated,  dull  luster. 

These  coal  fields  are  quite  a  distance  from  the  railroad,  and  until  just 
recently  only  Mexicans  and  Indians  kncAV  of  the  coal  outcrops  there.  This 
coal  is  a  goml  <iuality  and  the  seams,  as  we  have  seen,  are  thick.  The 
time,  no  doubt,  is  not  far  distant  when  coal  will  be  miniHl  there  on  a  large 
scale  the  same  as  at  Gallop  at  the  western  limit  of  the  same  coal  horizon. 


Some  Topographic  P'batures  in  the  Lower  Tippecanoe 

Valley. 

Fred  J.  Breeze. 

In  the  valley  of  the  Tipiwcanoe  about  a  mile  below  the  Carroll-Tippe- 
canoe line  are  two  features  of  relief  which  perhaps  deserve  some  attention. 

On  the  east  side  of  the  river  is  a  lonj?,  narrow  rid^e  of  gravelly  ma- 
terial, about  twenty-five- feet  high,  a  few  yards  wide,  and  three-fourths  of 
a  mile  long.  (See  A  on  map.)  It  starts  from  a  hundre<l  foot  bluff,  and  in 
a  short  distance  slopes  down  to  an  elevation  of  twenty-five  feet  and  for 
the  remaining  distance  is  nearly  level.  On  the  up-river  side  of  the  ridge  is 
an  abandoned  channel  of  comparative  retiMicy.  This  ridge  is  evidently  a 
remnant  of  a  large  spur  of  upland  whi<'h  was  gradually  made  naiTOwer 
by  the  southward  movement  of  a  river  bend,  of  which  the  present  aban- 
doned chaimel  marks  the  southern  limit.  Kefore  the  spur  had  l>een  en- 
tirely removed,  the  river  straightened  its  course,  thus  forsaking  the  bend: 
and  the  remnant  of  the  upland  spur  is  this  narrow  ridge. 

Just  west  of  the  ridge,  on  the  other  side  of  the  river,  is  a  gap  joining 
the  valley  of  the  Tippecanoe  with  that  of  Moot's  Creek,  a  tributary  which 
empties  about  a  mile  below.  (See  B  on  map.)  The  floor  of  this  gap  Is 
forty  feet  above  the  river,  is  nearly  24X)  yards  Avide,  and  is  bounded  on  the 
north  and  south  by  bluflfs  sixty  feet  high.  At  first  sight  it  seems  that  this 
gap  was  formerly  the  mouth  of  Moot's  Creek;  but  investigation  justifies 
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another  oxplaiiatlon.  For  two  or  threo  miles  above  Its  inoiith,  Moot*8 
Creek  tlows  in  a  valley  roirzhly  parallel  with  that  of  the  Tii)pecanoe.  At 
many  places  the  creek  valley  widens  into  crescent ic  hollows  which  are 
separated  from  each  other  by  shan)-point«»d,  narrow  ridg€»s.  The  floors  of 
these  semi-circular  areas  are  about  twenty  feet  hij^her  than  the  present 
flood-plain.  One  of  these  areas  is  marked  (\  Doubtless  the  gap  B  was  one 
of  the  widened  iK)rtion8  of  the  valley,  and  only  a  very  narrow  strip  of 
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upland  separated  it  from  tlie  Tippecanoe  Vallej'.  Later,  after  Moot's  Creek 
had  swung  to  tlie  west  side  of  Its  valley,  the  Tippecanoe  by  its  westward 
meander  removed  the  dividing  strip,  thus  forming  the  present  gap. 


The  Action  of  Hydrocjen  Pbrox»de  on  Cuprous  Chloride. 
W.  M.  Blanch ARD. 

This  investigation  was  suggested  by  the  results  obtained  in  the  study 
of  the  action  of  large  volumes  of  water  on  cuprous  chloride.  Some  time 
ago  my  attention  was  called  to  tlie  fact  that  when  a  large  volume  of  water 
is  added  to  cuprous  chloride  the  salt  becomes  orange  colored.  If  this  water 
is  removed  and  a  second  quantity  added  the  color  of  the  salt  deepens,  and 
if  this  operation  is  crarried  on  long  enough,  a  few  days  being  sufficient  if 
the  water  is  changed  every  few  liours,  the  salt  finally  becomes  a  bright 
red  and  in  all  respects  reseml)les  cuprous  oxide.  Upon  analysis  the  com- 
pound proved  to  be  almost  pure  cuprous  oxide. 

A  search  through  the  literature  at  command  was  made  but  no  such 
action  as  this  was  found  recorded.  A  careful  study  of  the  reaction  was 
then  made.  It  was  at  first  believed  that  the  reaction  took  place  according 
to  this  e(juation: 

CuaCla  +  H,0  :=  Cu,0  4  2  HCl. 

It  seemed  that  the  first  water  added  resulted  in  the  conversion  of  a 
part  of  the  cuprous  chloride  into  cuprous  oxide  and  hydrwloric  acid  and 
that  no  further  change  took  place  until  this  acid  was  removed,  and  more 
water  added.  But  furtlier  investigation  showed  that  this  was  not  correct. 
The  water  removed  was  found  to  contain  cupric  chloride:  this  salt  could 
be  produced  in  this  case  oidy  l)y  oxidation,  and  the  oxidation  could  result 
in  all  probability  only  from  oxygen  dissolved  in  the  water. 

By  properly  constructed  apparatus  it  was  shown  that  water  which 
had  been  previously  boiled  for  an  hour  and  cooled  in  a  current  of  hydro- 
gen produced  no  change  on  cuprous  chloride. 

About  this  time  I  had  access  to  I)ammer*s  Handbook  of  Inorganic 
Chemistry  and  there  I  found  a  reference  to  this  very  reaction.  It  was 
expressed  by  the  following  equation: 

2  CujCla  4-  O  =  Cu,0  +  2CuCla. 
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A  further  study  of  the  reaction  proved  this  to  be  correct.  The  re- 
actiou,  however,  is  not  complete,  for  only  about  07  per  cent,  of  the  cuprous 
chloride  is  changed,  even  when  the  process  is  carried  on  for  several  months 
and  the  compound  shalten  repeatedly  with  water  in  a  stoppered  bottle. 

Since  these  result.s  are  produced  by  dissolved  oxygen  it  seemed  that 
the  reaction  might  be  hastened  l)y  running  a  current  of  oxygen  into  the 
water  containing  cuprous  chloride  in  suspension,  since  in  this  case  the 
oxygen  could  be  replenished  as  fast  as  used  up.  The  experiment  was 
carried  out,  but  instead  of  getting  a  red  product,  a  blue  one  was  obtained. 
This  is  prol)ably  the  basic  chloride  described  by  Mallet'  as  formed  when  a 
current  of  moist  air  is  passed  over  hot  cuprous  chloride. 

This  unexpecttHl  result  led  to  a  study  of  the  action  of  hydrogen  per- 
oxide on  cuprous  chloride.  The  investigation  is  not  complete;  the  results 
obtained  up  to  date  are  as  follows: 

When  hydrogen  peroxide  is  added  to  cuprous  chloride,  the  color  of  the 
salt  immediately  l>econies  a  dirty  gre(»n,  and  upon  the  addition  of  more 
Ijeroxide,  tinally  becomes  a  delicate  blue.  The  compound  appears  very 
flocculent.  If  the  reaction  is  carried  out  in  a  bottle  or  llask  connected  with 
a  burette,  a  considerable  amount  of  oxygen  can  be  collected.  The  volume 
of  oxygen  evolved  does  not  s(M'm  to  bear  any  direct  ratio  to  the  amount 
of  cuprous  chloride  used.  If  tlie  reaction  is  carried  out  at  100**  instead  of 
at  ordinary  temperature,  tlie  reaction  seems  to  be  the  same  except  that 
the  evolution  of  the  oxygen  is  much  more  rapid.  The  compound  is  evi- 
dently a  basic  chloride.  It  is  Insoluble  In  water,  does  not  change  in  l>oIl- 
Ing  with  water,  does  not  materially  dimlnlsli  In  weight  or  change  in 
color  until  heated  to  250,°  and  is  easily  soluble  in  dilute  acids  and  in 
ammonia.  Tliere  is  some  evidence  in  favor  of  the  following  reaction: 
3  CU2CI2  4-  6  H2O  =  2  Cu,C10.0H  +  2  CuCl,  +  5  H^O  +  3  O 

The  reaction  probably  taking  place  in  two  stages.     The  blue  compound 
would  seem  to  have  the  composition: 

Cu-OH 
^       0.3  H.O 

A  curious  fa<-t  was  obsi'rved  In  connection  with  this  study  which  seems 
to  be  true  of  other  complex  copper  ions.  If  this  blue  compound  is  dis- 
solved in  ammonia  and  hydrogen  peroxide  added,  a  violent  reaction  takes 
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place,  accompanied  by  a  rapid  evolution  of  oxygen.  The  compound  itself 
does  not  produce  such  a  change,  neither  does  ammonia,  Ijut  only  the  solu- 
tion of  the  one  in  the  other.  It  was  found  that  copper  sulphate  dissolved 
in  ammonia  will  behave  in  the  same  manner. 


Ripple  Marks  in  Hudson  Limestone  of  Jefferson  County, 

Indiana. 

Glenn  Culbertson. 

In  tlie  proceedings  of  the  Indiana  Academy  of  Science  for  1901,  and  In 
a  paper  entitled:  Concerning  Well  Defined  Itipple  Mnrlis  in  Hudson  River 
Limestone,  Richmond.  Indiana.  Prof.  Josepli  Moore  and  Allen  D.  Hole  de- 
scrilje  Hudson  limestone  rii»ple  marks  near  Richmond,  Indiana. 

In  this  paper  I  desire  to  give  briefly  the  location  and  some  ix)ints  of 
description  of  similar  marliings  in  the  Hudson  limestone  of  Jefferson 
County,  Indiana.  In  this  county,  to  my  linowledge,  Hudson  limestone 
ripple  marlvs  occur  in  five  widely  separated  localities  and  at  six  different 
horizons.  In  all  essential  points  the  accurate  and  full  description  of  the 
ripple  marks  at  Riclimond  may  be  applied  to  those  mentioned  in  this 
paper. 

The  geographiral  positions  of  the  .Jefferson  County  markings  will  be 
given  in  the  (»r(lcr  of  their  geological  horizons,  the  Clinton  limestone  being 
u.sed  as  a  i)asis  for  measurements.  Following  this  a  fe^'  of  the  principal 
points  of  interest  touching  the  ripple  marks  will  be  included. 

Tlie  Wolf  Run  ripple  marks  are  found  at  the  roadside  and  in  the  creek 
l>ottom  within  200  yards  of  tlie  end  of  the  Ryker's  Ridge  pike  on  Wolf 
Run  in  Madison  Township.  In  this  place  there  are  two  quite  distinct 
series  of  markings,  llie  upper  is  in  a  stratum  approximately  seventy  feet 
below  the  Clinton  outcropping  on  the  neighboring  slope.  The  lower  is  in 
a  stratum  some  six  or  eight  inches  below  the  first.  The  upper  series  of 
marks  are  exposed  over  a  space  some  35x8  feet,  while  tlie  lower  is  ex- 
I>osed  over  a  surface  of  some  three  or  four  square  yards.  The  trend  of 
the  crests  of  the  upper  marks  is  X.  70*  E.,  and  of  the  lower  X.  50°  E.,  ap- 
proximately. I  say  approximately  since  there  are  many  small  irregular- 
ities in  the  trend  of  the  crests.     These  crests  are.  however,  essentially 
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parallel.  Tlio  stone  in  which  all  the  marlilngs  spoken  of  In  this  pai>er 
occnr  is  the  bine,  abnndantly  fossiliferons  limestone,  so  characteristic  of 
the  lower  and  middle  Hndson  formation  in  the  region  of  the  Cincinnati 
geanticline.  The  fossils  found  in  the  various  ripple  marked  limestones 
vftry  with  the  horizon  in  which  they  occur. 

The  thickness  of  the  stratum  containing  the  upper  Wolf  Run  marks 
is  from  two  to  three  inches,  while  that  of  tlie  lower  is  from  one  and  a 
half  to  two  inches.  The  distance  from  crest  to  crest  or  wave  length  is  in 
the  upper  series  twenty-one  inches,  and  in  the  lower  eighteen  inches, 
approximately.  The  depth  of  trough  in  the  upper  is  one  and  a  half  inches, 
and  in  the  lower  one  to  one  and  a  half  inches. 

The  Clifty  Creek  series  of  markings  occur  in  the  bed  of  that,  stream  at 
a  point  al)out  one  and  one-fourth  miles  al)ove  the  bridge  on  the  Madison 
and  Uanover  pike.  Tlie  ripple  marks  are  exposed  in  this  place  at  intervals 
for  a  distance  of  2(X)  yards.  The  trend  of  the  crests  here  is  N.  10°-15°  E., 
quite  a  little  irregularity  being  noticed.  The  distance  from  crest  to  crest 
is  from  thirty  to  thirty-six  inches,  and  the  depth  of  trough  three  Inches. 
The  thickness  of  stratum  five  to  seven  inches,  and  the  approximate  verti- 
cal distance  below  the  Clinton  limestone,  100  feet. 

In  the  bed  of  the  West  Fork  of  Indian  Kentucky  Creek,  one-third  of  a 
mile  above  Manville,  a  series  of  ripple  marks  are  found  extending  some 
seventy-five  yards  where  the  stratum  is  unbroken.  This  series  I  shall  call 
the  Van  Buren,  since  they  are  found  but  a  short  distance  from  the  house 
of  John  Van  Buren.  The  trend  of  crests  here  Is  N.  4()°  K.\  wave  length, 
thirty  inches;  depth  of  trough  one  and  a  half  to  two  and  a  half  inches: 
thickness  of  stratum,  two  to  three  and  a  half  inches.  The  approximate 
vertical  distance  below  the  Clinton  limestone  is  342  feet. 

In  the  creek  beil.  beneath  the  bridge  across  tlie  east  fork  of  Indian  Ken- 
tucky Creek,  and  within  2(M)  yards  of  Manville  postotflce.  a  ripple  marked 
layer  of  limestone  from  four  to  six  inches  thick  is  exposed  at  intervals  for 
a  distance  of  130  yards.  At  low  water  the  marks  are  here  exposed  over  a 
space  of  150x25  feet  and  as  many  as  sixty  consecutive  crests  may  be 
counted.  The  trend  here  is  approximately  X.  10°  K..  the  wave  length 
thirty  inches,  the  depth  of  trough  two  and  a  half  inches,  the  vertical  dis- 
tance below  the  Clinton  formation  354J  feet.  At  this  place  the  wide  ex- 
posure, amounting  at  times  to  3<K)  or  more  square  yards,  affords  an  ex- 
cellent opportunity  for  the  study  of  the  relations  which  the  marks  bear 
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to  each  other.  It  is  observed  that,  while  tlie  crests  are  not  straight,  but 
more  or  less  curving  in  their  outline,  they  are  essentially  parallel. 

On  Doe  Run,  about  two  miles  from  Brooksburg,  a  ripple  marked  lime- 
stone is  exposed  in  the  creek  bod,  over  a  space  of  a  few  square  yards.  The 
trend  of  crests  here  is  approximately  N.  45*  E.;  wave  length,  thirty-three 
to  thirty-six  inches;  depth  of  trough,  three  inches;  thickness  of  limestone, 
three  to  five  inches.  The  vertical  distance  of  this  series  of  marks  below 
the  Clinton  formation  could  not  be  determined  so  readily  as  In  the  other 
cases,  since  the  outcropping  Clinton  is  not  found  within  a  distance  of 
several  miles.  An  approximate  vortical  distance  of  380  feet  below  Clinton 
was  reckoned  on  the  basis  of  an  observed  westerly  dip  of  ten  feet  to  the 
mile  of  the  Clinton  formation  in  other  parts  of  the  county. 

The  main  facts  In  regard  to  these  ripple  marks  are  placed  in  tabular 
form  below. 

These  Hudson  limostono  ripplo  marks  are  exceptional  in  that  ripple 
marks  are  unusual  in  limestono,  being  found  in  sandstones  and  shales 
chiefly.  They  are  exceptional  also  in  the  fact  that  tliey  are  of  such  large 
size.  A  few  iuclios  usually  measuros  the  distance  from  crest  to  crest  of 
ripplo  marks.  Since  a  ripple  is  a  small  wave,  these  limestone  markings 
might  well  be  called  wave  marks,  were  that  term  not  preoccupied.  These 
ripple  marks  indicate  essentially  seashore  conditions  during  the  period 
occupietl  in  depositing  some  3O0  feet  of  Hudson  rocks  and  that  the  condi- 
tions finally  resulting  in  the  Cincinnati  Geanticline  or  uplift  at  the  close 
of  the  Ordovkian,  had  U»ng  been  present.  The  trend  of  these  marks  from 
N.  10°  E.  to  N.  7r>°  E.,  goes  far  towards  indicating  prevailing  winds  from 
the  nortliwest  or  the  southeast  during  that  part  of  paleozoic  time  repre- 
sented in  tlio  deposition  of  these  rocks. 
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Ripplo  marks  in  Hudson  Hmealone  of  Jef- 
ferson County,  202. 

SEWAWE  DISPOSAL  AT  THE  INDIANA 

STATE  REFORMATORY,  56. 
Some     a-Keto-R-Hexene  deri%  atives.  177. 
Some  rare  Indiana  birds,  9o. 


TOPO(iRAPHIC    FEATURES    IN    THE 

LOWER  TIPPECANOE  VALLEY,  198. 
Transmissible  diseases  in  college  towns. 53. 


WEBSTER,  F.M.,  99. 101. 
Westlund,  Jacob,  78, 79. 
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